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EDITORIAL 

In times past, the printing press was king, not only in science communication but in nearly every facet of life. 
Science communication was based on the printed word, distributed by post, to colleagues and collaborators 

across the globe. Indeed, so powerful was paper-based printing that American author Mark Twain reportedly 

quipped that one should “Never pick a fight with people who buy ink by the barrel”. 

In the past two decades, technology has evolved rapidly so the speed and method by which people communicate 

has changed enormously. In any day, scientists and practitioners are likely to use email and online video- 
conferencing to collaborate with colleagues across the globe, use social media to highlight their work, submit a 

manuscript online and download journal articles and other material directly from the web. 

The Royal Society of Queensland is affected by these changes and it is having to adapt the way it operates. 

The Royal Society of Queensland, and its predecessor The Philosophical Society of Queensland, have a long and 
rich involvement in Queensland science dating back to 1859, the year Queensland was proclaimed a separate 

colony. We are fortunate to still have the earliest records in the form of the journal, the Transactions of the 
Philosophical Society of Queensland, published in three volumes from 1859 to 1882, along with meticulously 

documented records of their meetings and discussions on issues of the day. In them we find fascinating insights such 
as those of the Chief Justice of Queensland F.R.S. Cockle offering his views on linear differential equations and 
members grappling with Darwin’s recently published Origin of Species. Also documented is the Society’s earnest 
and determined efforts to lobby for the establishment of the Queensland Museum and to expand the network of 

meteorological observation sites across the new colony - key legacies that remain testament to their efforts. 

Until now these rare and fragile journals and documents have been locked away, effectively unknown and inaccessible. 

However, courtesy of a Queensland Government grant the Royal Society of Queensland is now digitally scanning all 
past volumes of the Proceedings of the Royal Society of Queensland, the Transactions of the Philosophical Society of 

Queensland, and a selection of its oldest archives, into searchable text documents. This will unlock this historically 

and scientifically rich collection and make it accessible online for people across the globe. The searchable text will 

allow researchers and practitioners to search on topics of interest and track how research and thinking on issues have 

changed over time. It will also allow Queensland-based science to be viewed in a global context. 

Another benefit of this project is that it is allowing the Royal Society of Queensland to build better digital networks. 

The project involves significant input from the Queensland Museum and the State Library of Queensland, both of 
which have the skills and resources to bring these digital collections to life. The Society is also liaising with the 

United States-based Biodiversity Heritage Library with the aim of linking our collection into their ever-growing 
global digital resource on biodiversity. This will hopefully allow The Royal Society of Queensland to benefit 

from their innovative programs to crowd source the digital labelling of images and the transcribing of handwritten 

records and notebooks. These networks will hopefully maximise the reach and influence of the Society’s collection. 

Volume 119 of the Proceedings of the Royal Society of Queensland continues The Royal Society of Queensland’s 
long-standing contribution to science in Queensland by publishing new peer-reviewed research from emerging 

and established researchers. It also presents items of commentary from scientists and practitioners on science 

and the application of science by society. While the physical print run of the Proceedings of the Royal Society 
of Queensland may be steadily diminishing over time, digital technology is ensuring that these articles can be 
accessed on demand by a greatly expanded audience across the globe. In doing so, it continues to build on The 

Royal Society of Queensland’s rich history and enhances its contribution to science. 

Ben E. Lawson 

Acting Treasurer 

Supervisor, Digitisation Project 
May 2015 
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RECOVERY OF HERBACEOUS SPECIES RICHNESS FOLLOWING HERBICIDE 

TREATMENT OF CENCHRUS CILIARIS (BUFFEL GRASS) - A PILOT STUDY 

IN ONYCHOGALEA FRAENATA (BRIDLED NAILTAIL WALLABY) HABITAT 

RESTORATION 

MELZER, A.'?, MELZER, R.?, DINWOODIE, A.’, & BEARD, D.? 

Cenchrus ciliaris (buffel grass) is a serious environmental weed driving native ecosystem collapse 

through altered fire regimes and competitive exclusion of native plant species (e.g. Tix 2000, Butler 

& Fairfax 2003, Marshall et al. 2012, Olsen et al. 2012). In Australia buffel grass invasion threatens 

fire sensitive rainforest and Acacia ecosystems while dense swards of buffel grass out-compete native 

ground storey species. This may impact on food availability to some species including the endangered 

marsupial - Onychogalea fraenata (bridled nailtail wallaby) (Green 2010). Literature suggested that 

reducing buffel grass cover triggers increased understorey richness. In degraded bridled nailtail wal- 

laby habitat we applied herbicide, removing the buffel grass “canopy” and explored ground storey 

species richness recovery and persistence of any treatment effect. We measured species richness, and 

cover in treated and untreated plots. We also examined the influence of soil disturbance through shal- 
low soil ripping. In the short term (12 months) species richness increased in response to reduced buffel 

grass cover (p < 0.05, r=0.71). Mean richness ranged from 3 (s.d. 1.2) in control plots to 12 (s.d. 3.5) 

in plots that were sprayed and ripped while mean buffel grass cover ranged from 88% (s.d. 12.8) in 

control treatments to 51.4% (s.d. 11.3) in sprayed and ripped plots. Soil ripping may have increased 

richness over spraying alone, presumably by exposing more soil-banked seed to light. Treatment effect 

persisted up to 39 months although the relationship was with increasing bare ground area (p<0.05, 

r=0.71) rather than reducing buffel grass cover. Here mean richness ranged from 4.6 (s.d. 1.2) in 

control plots to 16.6 (s.d. 3.5) in plots that were sprayed while mean bare ground ranged from 0.6% 

(s.d. 0.5) in control treatments to 4.9% (s.d. 1.3) in sprayed plots. Following treatment there were more 

herbaceous species and more bridled nailtail food species in herbicide treated plots than in untreated 

plots (p<0.05). These results suggest that herbicide treatment of buffel grass swards can release latent 

richness in herbaceous communities; the effect duration and increased bridled nailtail wallaby food 

species suggest the method has practical application in ecosystem restoration and in management of 

endangered species habitat. 

Key words: bridled nailtail wallaby, buffel grass, Cenchrus ciliaris, habitat restoration, herbicide, Ony- 

chogalea fraenata, species richness 

'School of Medical and Applied Science, CQUniversity, Rockhampton, Old 4701 

? Ecological Assessment Unit, Queensland Parks and Wildlife Service, Department of National Parks, 

Recreation, Sport and Racing, Rockhampton, Old 4701. 

3 Address correspondence to A. Melzer email: a.melzer@cqu.edu.au 

INTRODUCTION 

Cenchrus ciliaris (buffel grass) is native to Africa, 

the Mediterranean, the Middle East, India and 

Indonesia (Paull & Lee 1978, Stanley & Ross 1989, 

Marshall et al. 2012). It has been introduced to South 

and Central America, southern USA, Hawaii and 

Australia, at least, to improve rangeland pastures and 

for landscape and post-mining restoration (Marshall et 

al. 2012). However, buffel grass has become a serious 

environmental weed in many areas, out-competing 
and/or excluding native herbaceous species resulting 

in the loss of species richness and diversity and in 
altered fire regimes — increasing fire frequency and 

intensity, consequently leading to the collapse of 

ecosystems (See reviews: D’Antonio & Vitousek 

1992, Marshall et al. 2012). In Australia ground 

cover species decline as buffel grass cover increases 
in remnant vegetation (Franks 2002, Jackson 2005). 

Further, the competitive advantage of buffel grass 

frequently results in a greater standing biomass than 
usually occurs in native grass communities as well 

as extending grass cover into parts of the landscape 

naturally supporting relatively sparse or fragmented 
ground cover. This alters fire regimes (Cary et al. 

2012) and directly threatens fire sensitive ecosystems 

such as northern Australia’s rainforest communities 
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(Bowman 2000) and remnants of the once great 

Acacia ecosystems (Butler & Fairfax 2003, Fensham 

2012, Nano et al. 2012). 

The spread of buffel grass to national parks and 

other conservation reserves in central Queensland 

has generated concerns (Fensham et al. 2001, Melzer 

2001, Groves & Whalley 2002) about the threats from 

fire to regenerating Acacia harpophylla (brigalow) 

shrublands, remnant brigalow woodland and open 

forest (e.g. Albinia National Park, Taunton National 

Park); A. cambagei (gidgee) woodland (e.g. Mazeppa 

National Park); and A. argyrophylla (blackwood) open 

forest and woodland (e.g. Nairana National Park). 

Threats from loss of native plant species richness are 

of particular concern in relation to the endangered, 
inherently diverse bluegrass (Dicanthium _ spp.) 

grasslands (Albinia National Park) and to the feeding 

habitat for two endangered species; Onychogalea 
fraenata (bridled nailtail wallaby) (Lundie-Jenkins & 

Lowry 2005, Roache 2011) (Taunton National Park) 

and Lasiorhinus krefftii (northern hairy-nosed wombat) 

(Horsup 2004) (Epping Forest National Park). 

Buffel grass is widespread in Taunton National 
Park, dominating in lands degraded by disturbance 

including fire, clearing or historical grazing, 

extending along road edges and fire control lines and 
occurring as isolated patches within otherwise intact 

native ground cover assemblages (authors pers. obs.). 

Where buffel grass dominates the ground storey there 

is a permanent, dense cover and high biomass that 
excludes most other herbaceous species (authors pers. 
obs., Green 2010). The loss of native floral biodiversity 
consequently removes food resources (principally 
species of Chenopodiaceae, Malvaceae, Poaceae — 

Ellis et al. 1992, Evans & Jarman 1999) for the bridled 

nailtail wallaby (Green 2010) and, while the wallaby 

may seek shelter among large grass tussocks (Fisher 

2000), the extensive standing mass produced by buffel 

grass may act as a barrier to normal movement of this 

small wallaby (Lundie-Jenkins & Lowry 2005). 

Buffel grass has invaded Epping Forest National Park, 

and in the vicinity of the northern hairy-nosed wombat 
burrows, at least, the grass has displaced native grasses 

forcing the wombat to range more widely for preferred 

native grasses (DSEWPC 1998) — although buffel 

grass now constitutes over 20% of its diet (Horsup 

2004). The dominance around burrows is probably 

a consequence of the ongoing soil disturbance from 

wombat activity (Marshall et al. 2012). 

In response to the aforementioned threats the 
Queensland Parks and Wildlife Service (QPWS) 

established a major project (Managing buffel 
grass to achieve conservation outcomes) (Melzer 

et al. 2009) to explore ways to mitigate buffel 

grass impacts within Queensland’s protected 
areas. However, although buffel grass is a serious 

environmental weed, it is an important introduced 

pasture grass and consideration of its control can be 

contentious (Grice et al. 2012). Consequently the 
QPWS buffel grass management project considers 

only local control options and has adopted a carefully 
considered strategic approach including graziers 

and pasture specialists as well as conservation 
managers in its planning and implementation. The 

project is ongoing and looks at four interrelated 
pathways for managing buffel grass. These are: (1) 

examining the utility of managed grazing to reduce 

fire fuel loads to protect and restore fire sensitive 

ecosystems, (2) suppressing buffel grass dominance 

by restoring a tree canopy including by facilitated 

root suckering, (3) strategic application of fire to 

limit buffel grass vigour, and (4) trialing herbicide 

application to recover native species richness in 

buffel grass dominated landscapes. 

In this paper we primarily report on the progress 

in the fourth pathway, but also on one aspect of 

the second pathway. We look at the effectiveness 
of herbicide treatment of buffel grass dominated 

grassland (hereafter buffel grassland) in promoting 
recovery of native species richness at Taunton 
National Park and hence a recovery of food species 

for the bridled nailtail wallaby. We also examine the 

influence of soil disturbance resulting from ripping 
trials intended to promote suckering. We expected to 

see an increase in richness after herbicide treatment. 
Daehler & Goergen (2005), and Tjelmeland et al. 

(2008) working on Hawaiian tropical and Texan 

arid grassland respectively, noted the release of 

a soil seed bank after removing buffel grass - the 
dominant cover species. Daehler & Goergen (2005) 

were “surprised” by the emergence of seedlings 
of Digitaria and Eragrostis species from the soil 
seedbank. Tjelmeland et al. (2008) reported the 

emergence of annual and perennial winter and 
spring forbs. In both cases these germinants were 
considered impediments to restoration that required 
some remedy. However, Tjelmeland et al. (2008) 

commented that the emergence of annual forbs after 

the herbicide treatment of buffel grass cover may 

point to a useful tool to promote food resources 
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for native wildlife in alienated landscapes. Further, 

an exponential increase in the richness of forbs is 
expected as grass biomass decreases (Grundy 1995, 

Specht & Specht 1999) and so it is not surprising 
that Daehler & Goergen (2005) and Tjelmeland et 

al. (2008) found a herbaceous response following 

the removal of the buffel grass cover. On that basis, 

this paper aims to explore the effect of herbicide 
treatment on species richness recovery in buffel 
grass dominated landscapes. 

METHODS 
STUDY SITE 
The study site was located in Taunton National 

Park, 130km west of Rockhampton, in the 

Brigalow Belt Bioregion of central Queensland. 
The park was established to protect the last 
remaining wild population of the endangered 
bridled nailtail wallaby (Lundie-Jenkins & Lowry 

2005, DERM 2011). 

The trial plots were located (23° 32’ 13.00”, 149° 
16’ 09.82”) in buffel grassland on the eastern side 

of the park in an area that was formally a brigalow 

community. The community’s transformation 

to buffel grassland was a consequence of recent 

historical land management practices and 

uncontrolled fire. It has been buffel grassland for at 

least 27 years. The site supported a standing biomass 

of 12.3 tons/ha (s.d. 0.353) with an average buffel 

grass cover of 85.5% (s.d. 4.96) in September 2011 

(authors unpublished data). 

PLOT ESTABLISHMENT AND TREATMENT 
Twenty-five 25 x 25 m plots were established 
in a buffel grass dominated grassland as part 

of a trial to examine the influence of shallow 
ripping and herbicide treatment on brigalow 
ecosystem recovery. This was part of experimental 
manipulations to facilitate the recovery of a 
tree canopy and thereby suppress buffel grass 

dominance by shading. 

Five plots were used to test whether spraying alone, 

Or spraying in conjunction with ripping, affected 
Species richness in the ground stratum including 

the richness of bridled nailtail food species. These 

plots were divided into four quarters. One quarter 

of each of the five plots was untreated, one quarter 

was sprayed, one quarter was ripped but not sprayed, 

and one quarter was sprayed and ripped. Spraying 
was undertaken with a spray unit mounted on a quad 

bike and under still conditions to prevent spray drift. 
It consisted of a single herbicide treatment (one part 

Glyphosate 450g¢/I to 100 parts water) in May 2009 — 

when plants were actively growing, and resulted in a 

100% kill of herbaceous plants. The shallow ripping 

(depth 5-20cm) was undertaken with a set of tines on 

a tractor in August 2009. The plots were monitored in 
April 2010 to examine the herbaceous response a year 

after spraying and the influence of soil disturbance 
(shallow ripping) on that response. 

The remaining 20 plots were used to test the effect of 
herbicide treatment alone on the species richness in 
the ground stratum including the richness of bridled 
nailtail food species over a period of 39 months. 
Ten plots were sprayed and ten were left untreated 

as controls. Each of the untreated buffel grass plots 

was placed adjacent to but at least 5m away from 

its treated plot. Spraying was undertaken in May 

2009 as per the previous experiment and resulted 

ina 100% kill of herbaceous plants. The plots were 

monitored in September 2012. 

ASSESSMENT OF 12 MONTH HERBICIDE 
AND RIPPING TRIALS 
Within each treatment quarter, herbaceous species 

richness and cover were determined from 10 

randomly placed 1xlm quadrats. The cover of each 
Species present in a quadrat was estimated using the 

technique of Daubenmire (1959) and an average 

cover determined from the 10 quadrats. A species was 

deemed as present in a quadrat if it was rooted in the 

quadrat. Species richness was determined by summing 
the total number of species from the 10 quadrats. 

The data were explored using a principal component 
analysis (PCA) to investigate the relationship and 

trends amongst the parameters measured. Average 

mean species cover data for each quarter and the total 
species richness data for each quarter were combined 

and a PCA was undertaken on the correlation matrix of 

the square-root transformed data using the Community 
Analysis Package 4 (CAP) (Pisces Conservation Pty 

Ltd www.pisces-conservation.com). The square- 

root transformation was undertaken to reduce the 

differences in magnitude among variables. A Pearson 

product moment correlation coefficient was applied to 

examine association between parameters. An analysis 
of variance (ANOVA) was undertaken on the most 

important components to describe the difference 
among treatments. Linear regression was applied to 

explore relationships between associated parameters 

and the data presented as univariate scattergrams. 
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ASSESSMENT OF 39 MONTH HERBICIDE 
TRIALS 
Within each of the 20 plots the herbaceous species 

cover was determined from five randomly placed 

1xlm quadrats. The cover and average cover of each 

Species present were derived in the same manner as 

that described above for the herbicide and ripping 
trials. In addition, estimates were made of total 

foliage cover, litter cover and bare ground using the 

technique of Daubenmire (1959) and species richness 

was determined by systematically searching each plot. 

Data analysis and presentation followed the procedure 

outlined for the herbicide and ripping trials. However, 
a chi-sq test was used to examine differences in each 

parameter between the two treatments. 

SPECIES IDENTIFICATION AND BRIDLED 

NAILTAIL WALLABY FOOD SPECIES 
Plant nomenclature followed Bostock & Holland 

(2010). Classification of species as food followed 

Ellis et al. (1992) and Evans & Jarman (1999). 

Principal - Axis 2 (15.63%) 

E 4 4 aS a 
Principal - Axis 1 (20.13%) 

Identified species were classified as food or non- 

food species and difference between treated and 
untreated plots was examined by chi-sq test using a 
2x2 contingency table. 

RESULTS 
TWELVE MONTH RESPONSE — HERBICIDE 
AND RIPPING TRIALS 
In the PCA, an examination of the three two- 

dimensional plots possible for the three largest 
components showed best separation of the four 

treatments using axes | and 2. Consequently these 

were used for the analysis. The ordination plot 
separated the spray treatments from the unsprayed 

treatments. It did not, however, separate ripping 

alone from untreated plots and, similarly, did not 

clearly separate spray treatment from spray plus 

ripping treatment. However, spraying plus ripping 

did have an effect beyond that of spraying alone 

(FIG. 1). The plot of the Eigenvectors (FIG. 2) 

shows that principal axis 1 is a measure of increasing 

2 4 6 a 

FIG. 1. Ordination plot of the 12 month herbicide and ripping trial data (plots 1-5) using the Ist and 2nd principal axes. 

(NT — no treatment, R — ripping only, RS — spraying & ripping, S — spray only) (PCA using the correlation matrix). 
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species richness to the right and increasing buffel 

grass cover to the left. Axis 2 influences the 

distribution of species. There was a significant 
negative correlation between buffel grass cover and 

herbaceous species richness (Pearson r = -0.845201, 

t = -6.70952, n = 20, df = 18, P < 0.05). There was 

a strong negative relationship between herbaceous 

species richness and buffel grass cover (FIG. 3, F 

Lig = 45.0176, P < 0.05, r° = 0.71). A summary of 
the data on species richness and buffel grass cover 
is presented in Table 1. There was a significant 
difference in species richness among treatments 

(ANOVA F Sex 15.596, p<0.05). Post hoc multiple 

comparisons using the Tukey test showed significant 

differences between treatments (Table 2). Similarly 
there was a significant difference in buffel grass 
cover among treatments (ANOVA F sie 10.8572, 

p<0.05) and between treatments (Table 2). There was 

a significant difference between combined spraying 
and ripping and the control in terms of species 
richness and buffel grass cover. However, there was 

‘Vector - Axis 1 

O35 -03 -0.25 -02 -0.15 -041 -0.05 

Walvastrum a@rmericaniurn 

Cenchrus cilians 

gos Oo. 

no significant difference between spraying alone and 

ripping alone. So, combined spraying and ripping 

was more effective than ripping alone. However, 

the test did not resolve an effect of spraying alone. 
Despite that the trend in the data is for increased 
species richness with decreasing buffel grass cover. 

The results suggest that removal of buffel grass by 

herbicide treatment increases herbaceous species 

richness and that, in conjunction with herbicide 

treatment, soil disturbance through shallow ripping 

may increase richness further (Table 1). 

THIRTY-NINE | MONTH 
HERBICIDE TRIALS 
Inthe PCA an examination of the three two-dimensional 
plots possible for the three largest components showed 
good separation of the two treatments using axes | 

and 2 as well as axes | and 3. As the stronger two 

dimensions, axes | and 2 were used for the analysis 

and clearly separated the two treatments (FIG. 4). The 

plot of the Eigenvectors (FIG. 5) shows that principal 

RESPONSE - 

O15 O02 O25 O83 O55 

Cralis cornicukatum 

Abutilon cearcarpurni 

Z Sixy - s0}aa,, 
Richness: 

Brunoniel ie australis 

Erte mo poqon ac icu kris 

FIG. 2. Plot of Eigenvectors of floristic variables. Only the largest of the 41 vectors are shown. 

(NT — no treatment, R — ripping only, RS — spraying & ripping, S — spray only) (PCA using the correlation matrix). 
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TABLE 1. Summary statistics on species richness and buffel grass cover (%) from the 12 month herbicide and ripping trial. 

Data are presented as mean (standard deviation). N = 5 in all cases. 

12 (3.5) 9.4 (1.5) 6 (1.9) 3 (1.2) 

Buffel Grass Cover | 51.4 (11.3) 57.8 (6.9) 80.4 (15.2) 88 (12.8) 

TABLE 2. Summary of results from post-hoc application of Tukey test. 

(a) Species richness 

(b) Buffel grass cover 

Scatter Plot 

Richness 

35 40 45 650 55 BO B5 70 a 3 dle 8° 30 95 
Buffel Cover 

FIG. 3. Relationship between herbaceous species richness and buffel grass cover (%) among the herbicide and ripping trial 

12 months post-treatment in April 2010 at Taunton National Park. (r? = 0.71, Y=20.0483—0.179371*X) 
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axis 1 is a measure of the soil surface cover with 
increasing bare ground to the left and increasing litter 
cover to the right. Axis 2 influences the distribution 

of species. Increasing total herbaceous species 

richness is associated with decreasing buffel grass 

cover. There was a significant negative correlation 

between herbaceous species richness and buffel grass 

cover (Pearson r= -0.811218, df= 18, P< 0.05) buta 

weak linear regression (1? = 0.16). Richness was also 

significantly correlated with total herbaceous cover 
(Pearson r = -0.792554, df= 18, P< 0.05), litter cover 

(Pearson r = -0.795803, df = 18, P < 0.05) and bare 

ground (Pearson r = +0.84038, df = 18, P < 0.05). 

Of these a strong positive regression was observed 

between richness and bare ground (FIG. 6, F a= 

46.6223, P < 0.05, r? = 0.710464) but not between 

richness and total cover (r? = 0.15) and litter cover (1? 
= 0.13). So, the data suggest that species richness, 39 

months after herbicide treatment, is associated with 

increasing area of bare ground. A summary of data 

on species richness, foliage and litter cover and bare 

Principal - Axis 2 (15.16%) 

oF 6 & Ff oS S&S a ob 4 
Principal - Axis 1 (26.20%) 

ground are presented in Table 3. In all cases there 
was a significant difference between treatments (chi- 
sq, p<0.05). Treated plots contained significantly 

more species, less foliage cover, less litter and more 

bare ground than the unsprayed control plots. 

SPECIES RICHNESS AND BRIDLED NAILTAIL 
WALLABY FOOD SPECIES 

Sixty-four plant species were recorded from all 

plots and treatments combined and are listed in 

column | of Table 4. Sixty-one were recorded from 

sprayed, and sprayed plus ripped treatments and 

twenty-seven from unsprayed and unsprayed plus 
ripped treatments. Of the sixty-one species in the 

treatments that were sprayed, thirty-two (52.5%) 

have been identified as bridled nailtail wallaby food 
by Ellis et al. (1992) and Evans and Jarman (1999). 

Of the twenty-seven species from the treatments that 

were not sprayed, fifteen (55.5%) were identified as 
bridled nailtail wallaby food. There was a significant 
difference between the two sets (chi-sq = 11.8957, 

T [| Yeetors 

i a No trestmrent 

jw FF Sprayed 

2 a 4 5 6 i a 

FIG. 4. Ordination plot of data from the 39 month herbicide trial (plots 6-15 and 6a-15a) using the Ist and 2nd principal axes. 

(PCA using the correlation matrix). 
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df= 1, p<0.05). So removing buffel grass dominance 
increased the absolute number of food species but did 

not increase the relative proportion of food species 

within the assemblage. 

DISCUSSION 
The results (increased species richness with reduced 

cover of buffel grass or increased areas of bare 

ground) in this pilot study confirm the observations 
of Daehler & Goergen (2005) and Tjelmeland et al. 

(2008) who reported post-treatment germination 

of species from a soil seed bank. They are also 
consistent with the increase in the richness of forbs 

recorded in a pasture in south-east Queensland 

following removal of the majority of biomass 

(reduced to < 1 ton/ha) (Specht & Specht 1999). 

This is consistent with reports of the general loss of 

species richness, and native herbaceous biomass, in 

remnant native ecosystems as buffel grass invades 

and dominates the understorey (Franks 2002, Green 

2010). Of itself this is not surprising; generally 

the predominant understorey life form influences 

the richness of the ground stratum and richness is 
inversely related to understorey cover - there is an 
increase in richness as grass mass decreases (Specht 

and Specht 1999). Buffel grass seems to derive 
its dominance from a relatively expansive root 

system providing advantages in nutrient absorption, 

water use efficiency and growth rates (Christie 
1975a, 1975b, Christie & Moorby 1975, Marshall 

et al. 2012). Again this is expected as growth is 
inextricably linked to water use efficiency and 
nutrient availability (Specht & Specht 1999). 

The increase in species richness following the 
removal of the dominant buffel grass cover 

probably reflects a viable soil seed bank in the 

study area, despite the long history of buffel grass 

dominance at the site (> 27 years), as well as the 

capacity of some of these species (e.g. Asteraceae) 

to rapidly take advantage of the “gap” through high 

seed production and a short generation time. There 

are data to indicate significant air-borne seed rain 

requires a substantial seed source within 50m of a 
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gap (Grundy 1995). Air-borne seed sources were 

not apparent in the extensive (> 2 km radius) and 

uniform buffel grassland around the site. This 
suggests that the post-treatment richness is likely 

to reflect the soil seed store rather than the arrival 
of seed from beyond the study site. This remains 
to be tested. 

After spraying there was a 100% kill within the 

treated plots. Subsequent germination included 

buffel grass along with a suite of annual and perennial 

herbaceous species. In the plots examined after 12 

months buffel grass cover influenced the species 
richness. At thirty-nine months the buffel grass was 
well established but failed to wholly dominate the 

plots and species richness was influenced by the 

extent of bare ground. The reasons for the latter are 

not known but may relate to the effect of persistent 

grazing by native wildlife. Although not quantified 
in this study, it was apparent that the treated plots 

were being subject to a higher grazing pressure than 
adjacent untreated areas. This grazing effect was still 

evident after 39 months and may have maintained 

the extent of bare ground in the sprayed plots. There 

is an alternative hypothesis, however. Marshall et 

al. (2012) discuss whether buffel grass is truly an 

invasive species. In some situations the grass may 

be reliant on soil disturbance to establish — however 

they conclude that, at a landscape scale the species 

is invasive. Fensham et al. (2013) found that, in a 

central Queensland savanna woodland on nutrient 

poor soils, invasion of buffel grass increased with 
abundant rain after drought, and was enhanced 

where there was an abundant source of buffel grass 

in adjoining paddocks. So we may need to consider 
whether the edaphic characteristics of this study site 
may not be conducive to buffel grass establishment 

without a specific set of disturbance characteristics. 

The species assemblage in the treated plots included 

many known bridled nailtail wallaby food species— 

substantially more than in the untreated plots although 
the relative proportion of food species within each 

assemblage remained similar. 

Soil ripping tended to increase species richness in the 
first 12 months at least. We did not test for any longer 

persisting effect in this pilot. Presumably ripping 
increases the area of bare ground but also increases 

the exposure of soil stored seed to light, thereby 

promoting a greater germination response in some 
plant groups (e.g. Suter & Luscher 2012). 

Scatter Plot 

Richness 

a 2 « §& 6 ih 42 a 4b ie Oh 2 aa oR Bey 5g Se. Sh Se. oe 
Bare ground 

FIG. 6. Relationship between herbaceous species richness and bare ground (%) in sprayed plots 39 months post spraying in 
September 2012 at Taunton National Park. (r? = 0.71, Y=4.99987+0.409101*X) 
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TABLE 3. Summary statistics on species richness, foliage cover (%), litter cover (%) and bare ground (%) from the 39 month 

herbicide trials. Data are presented as mean (standard deviation). N = 10 in all cases. 

Richness 

Foliage cover 

Litter cover 

Bare ground 

The influence of a single herbicide treatment has 
persisted for 39 months. Treated plots were more 

open with more bare ground, less litter and more 

species than in the untreated plots. This persistence 

was unexpected as the park received above average 

rainfall throughout the 39 months of the trial. 
However, the result raised hope that a practical 

program of broadacre herbicide treatment could be 
applied to grassland in a conservation reserve with 

no need for annual re-treatment. This pilot study 

points to a possible pathway for restoring bridled 

nailtail wallaby food species to a buffel grass 

dominated ecosystem. Further, the duration of the 

response suggests that the application of herbicide 

may be economically and logistically feasible for 

routine land management. So to further refine the 

approach and confirm the findings at a greater scale 
we have embarked on a hectare scale trial where we 

will explore the influence of follow-up spraying on 
effect-persistence as well as more closely follow the 
post-spraying plant succession. 

IMPLICATIONS FOR PRACTICE 
Whilst shallow ripping with tines increased germination 

and species richness, in the first year at least, it was 

considered too destructive of shallow rooted woody 

species and too labour/equipment intensive for 

broadacre application within conservation reserves. An 

alternative — disc ploughing, will be trialed in future. 
Shallow ripping was observed to roughly break roots, 
dragging many to the surface. Shallow disc plowing, 

set to minimize soil turnover, is intended to cut roots 

cleanly, while leaving roots buried. 

Application of one part Glyphosate (450g/1) to 100 

parts water, to actively growing plants, provided a 

100% kill of herbaceous species but did not appear 

to affect woody regrowth. Given that the treatment 

effect lasted at least three years (more open ground 
and increased herbaceous richness), the approach 

may be a cost effective and time efficient tool for 

controlling buffel grass dominance in reserves. 

Application of lower rates — one part Glyphosate 

(450g/1) to 300 parts water, to actively growing plants, 

has resulted in an effective kill of grasses while 
dicotyledons survived (authors pers. obs.) and will be 

used in future trials. 

The approach is amenable to application of appropriate 

herbicide by boom spray or by plane under suitable 

wind conditions. 
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TABLE 4. Species recorded 12 months after treatment (#) and 39 months after treatment (*) are listed in column 1. Those that 

are Classified as bridled nailtail wallaby food (BNT) (Ellis et al. 1992, Evans & Jarman 1999), and their presence in sprayed 

and/or unsprayed plots, are included in the first part of the table. Non-food species are listed in the second part of the table. 

BNT Food 

Treated 

Species 

Control 

Abutilon oxycarpum# 

Abutilon sp.* 

Bothriochloa bladhii# 

Bothriochloa pertusa* 

Capparis lasiantha#* 

Carissa ovata# 

Cenchrus ciliaris#* 

Chenopodium carinatum* 

Chloris divaricata* 

Chloris inflata* 

Dactyloctenium radulans# 

Dichanthium sericeum* 

Einadia nutans#* 

Enchylaena tomentosa#* 

Enteropogon acicularis# 

Eragrostis sp.# 

Eriochloa procera* 

Evolvulus alsinoides# 

Maireana microphylla# 

Malvastrum americanum# 

Megathyrsus maximus var. 
pubiglumis#* 

Phyllanthus virgatus#* 

Portulaca sp.# 

Pterocaulon redolens#* 

Pterocaulon serrulata* 

Senecio brigalowensis* 

Sida corrugata* 

Sida hackettiana# 

Sida rhombifolia# 

Sida sp.#* l 1 

SC 
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Peripleura hispidula var. setosa* ee | 

a Rhodanthe polyphylla* | 

a 
an 
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THE ANNUAL SPAWNING AGGREGATION OF DUSKY FLATHEAD 

PLATYCEPHALUS FUSCUS AT JUMPINPIN, QUEENSLAND 

POLLOCK, B.R. 

Dusky flathead Platycephalus fuscus form seasonal spawning aggregations where estuaries meet the 

ocean in eastern Australia. The present study at Jumpinpin in south Queensland shows that dusky 

flathead have a protracted spawning period with serial spawning during summer (November to April). 

They are rudimentary hermaphrodites with sex determined at an early juvenile stage. Sex ratios are 

skewed with males most common in the smaller size-classes (< 50 cm TL). Mid-sized females (45 

cm - 69 cm TL) dominate the production of eggs due to their abundance in the spawning aggregation. 

Within the female component of the spawning aggregation, the occurrence of individuals exceeding the 

current maximum size limit of 75 cm TL is low (2.6%). Parasitic nematodes (philometrids) occurred 

in 8% of ovaries. Degenerated ovaries, in which atretic oocytes are common, are present in half of 

the very large females (70 cm — 75cm TL) examined. The current minimum size restriction of 40 cm 

TL for dusky flathead provides protection for 73% of males and 15% of females within the spawning 

aggregation. 

Key words: atretic oocytes, egg production, fishery management, Platycephalidae, rudimentary her- 

zal 

maphrodism, spawning aggregation. 

INTRODUCTION 
The dusky flathead Platycephalus fuscus is endemic 
to Australia, and restricted to the east and south-east 

coastal areas (Kailola et al., 1993). In Queensland 

dusky flathead are distributed from about Cairns 

to the New South Wales border. It is primarily an 
estuarine species but occurs less commonly in coastal 
waters and embayments. Dusky flathead is the largest 

platycephalid species, often recorded at lengths of 

100 cm (Kailoa et al., 1993). It is a bottom dwelling 

ambush predator, feeding throughout the year, mostly 

on small fish and crustaceans (Dredge, 1976). It is not 

a densely schooling species. Tagging studies show 

that both juvenile and adult dusky flathead rarely 

undergo movements across estuaries (O’ Neill, 2000). 

Within estuaries and sheltered embayments, dusky 

flathead are widely dispersed over a variety of shallow 

habitats such as sand and mud banks, and seagrass 

beds (Dredge, 1976). Spawning aggregations of 
dusky flathead occur in summer (October to April) at 

locations where estuaries meet the Pacific Ocean (Gray 
& Barnes, 2008). Dusky flathead produce very large 
numbers of planktonic eggs (Kerby & Brown, 1994). 
The planktonic larvae occur in oceanic waters close to 

the coast (Neira et al., 2000). After settlement, growth 

is rapid particularly for the first two to three years, 
although very large individuals in south Queensland 
may be as old as nine years (O’Neill, 2000). There is 

a marked difference in sex ratios with smaller length 
classes dominated by males and larger length classes 
dominated by females (O’ Neil, 2000; Gray & Barnes, 

2008). There is presently uncertainty as to whether 

dusky flathead undergo protandrous (male to female) 

sex Inversion (Kerby & Brown, 1994). 

Dusky flathead are extensively fished throughout their 

range. In Queensland they are one of the most popular 

fish sought by recreational fishers (Henry & Lyle, 

2003). The method commonly used by anglers to catch 

dusky flathead is a rod, reel and line with either bait or 

artificial lures. The majority of the recreational catch 
is made during daylight. Dusky flathead are also taken 

by commercial net fishers in Queensland (O’ Neill, 

2000; Williams, 2002). The current Queensland 

Government management regulation applying to 

dusky flathead throughout the State is a slot limit 
(minimum size 40 cm TL and maximum size 75 cm 

TL) and a recreational fisher possession limit of five 

(Queensland Government, 2012a). The Jumpinpin 
area was chosen as the site for this study because it is 

renowned as a prolific and popular fishing location for 

dusky flathead in Queensland. 

Fish stocks which have annual spawning aggregations 

are susceptible to overfishing (Coleman et al., 1996; 

Domeier & Colin, 1997; Samoilys, 1997; Beets & 

Friedlander, 1999; Sadovy & Domeier, 2005). If a 

spawning aggregation is to be fished, special care must 

be taken (FAO, 1997), and management arrangements 

should take into account the ecology, especially the 
reproductive characteristics of those stocks. This 

study, for the first time, describes details of the 
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biology of a dusky flathead of spawning aggregation, 
and provides information for management of the 
dusky flathead fishery. The particular aspects 

examined are sex ratios associated with the different 

size-classes within the spawning aggregation, gonad 

development and spawning periodicity, the egg 

production by females in relation to their size and 

abundance, the effects of parasites and degenerate 

ovaries on reproductive biology, and the possibility of 

protandrous hermaphrodism. 

MATERIALS AND METHODS 

Adult dusky flathead were obtained by rod and 
line fishing with whole dead sand mullet, Myxus 

elongatus, 10 cm tol6 cm TL for bait. The baitfish 
was attached to a single size 2/0 hook. A small lead 

sinker kept the bait on or close to the substrate. The 
main line diameter was 0.35 mm, with a 0.40 mm 

diameter leader. The bait was constantly cast and 

slowly retrieved from the shore until being taken by a 

153°25'E 

North 

Stradbroke 

Island 

flathead. All fish were caught in waters less than 3 m in 

depth in the semi-surf zone or nearby areas. A total of 

285 dusky flathead, all adults, were obtained from the 
Jumpinpin spawning aggregation areas (FIG. 1) from 

November 2013 to April 2014. Sampling was carried 

out during daylight with two daily sampling trips in 
November, eight in December, seven in January, four 
in February, four in March and five in April. Sampling 

trips were chosen to suit the prevailing weather and 

tidal conditions, and associated accessibility to the 
exposed locations where the dusky flathead occurred. 

At capture each fish was measured, TL to the nearest 

cm. If a specimen was less than 40 cm or greater 

than 75 cm TL, its sex was determined by applying 

pressure to the abdomen, with males releasing white 
seminal fluid and females releasing eggs at various 

stages of development. These fish were returned 

alive to the water. All fish in the size-range 40 cm to 
75 cm TL were immediately killed humanely. Total 

Pacific Ocean 

Fishing Closure 
COON ESN 
eececen ‘S Xs . 

27°45'S 
Crusoe Island 

FIG. 1. Map of the Jumpinpin study area showing sampling sites for adult dusky flathead (cross-hatched areas) and juveniles 

(striated area), and the Swan Bay fishing closure. 
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weight was taken to the nearest 5 g; gonads were 

removed, photographed and weighed to the nearest 

1 g. Gonosomatic index was calculated for each fish 

(% gonad weight to fish weight). A subsample of 

gonads (n=20), including all gonad types, was 
immediately placed in Bouin’s fixative. In cases where 
the gonads were large, a portion was taken from the 

mid-section of one lobe of the gonad. The fixed gonad 

tissues were later processed by wax embedding, 

microtome sectioning at 8 um, and haematoxylin 

and eosin staining to produce microscope slides of 

transverse sections of each specimen. 

The ovarian developmental stages used in this study 

are modifications of those given for platycephalids 

by Gray & Barnes (2008) and Bani et al. (2009). The 

four ovarian stages, assigned by using both gross 

(macroscopic) examination of ovary photographs and 

microscopic details from tissue slides (West, 1990), are: 

RIPENING/MATURING — Ovaries yellowish pink, 

translucent and relatively small, only unyolked 

oocytes present (FIG. 2a). 

RIPE/MATURE - Ovaries bright yellow and relatively 

large, yolked oocytes present (FIG. 2b). 

RUNNING RIPE - Ovaries, bright yellow to golden 
yellow and relatively large, yolked and hyaline 

oocytes present (FIG. 2c). 

SPENT — Ovaries, reddish pink, translucent and 

relatively small, absence of yolked and hyaline 
oocytes (FIG. 2d). 

Two forms of abnormal ovaries were also identified: 

1) Ovaries with infestations of philometrid nematode 

parasites (FIG. 2e). The black philometrids 

(Hooper, 1983) were identified by macroscopic 

examination of the whole gonad. Yolked and 

atretic oocytes, and in some cases hyaline oocytes 

were present in tissue slides. 
2) Degenerate ovaries which were flaccid and grey 

pink in colour (FIG. 2f), and in which atretic 

oocytes commonly appear in tissue slides 

In the case of all male fish, a single gonad stage was 

observed: 

RUNNING RIPE — Testes white and relatively large, 

releasing white seminal fluid when dissected or when 
pressure was applied to the abdomen. 

In November and December 2013 six juvenile dusky 

flathead, 18 cm — to 37 cm TL were caught in a small 

seine (16 m long, 2 m deep, and 12 mm mesh) from 

the shallow (< 50 cm) sand banks south of the area 

where adult fish were captured (FIG. 1). Each fish was 

immediately killed, measured (TL to the nearest cm), 

and gonads removed and placed in Bouin’s fixative. 
Microscope slides of transverse sections of the gonads 
were later prepared as previously described. 

An index of egg production (total fecundity) of 

each size class was calculated by summing the 
weights of ovaries of females sampled from the 
spawning aggregation. The total ovarian weights for 

size classes 40 cm to 75 cm TL are based on those 
recorded during the present study. For fish less than 

40 cm and greater than 75 cm TL, estimates of ovary 
weight were made using mean ovarian gonosomatic 

indices of the 40 cm to 44 cm and 70 cm to 74 cm size 

classes respectively. Body weights of these fish were 

calculated from recorded total lengths using the length 
to weight formula for dusky flathead given by Gray 
and Barnes (2008), and gonad weights subsequently 
back-calculated for each fish. 

RESULTS 
THE DUSKY FLATHEAD = SPAWNING 
AGGREGATION: SEX RATIOS, SIZES OF 
SPAWNING FISH, GONAD STAGES, OOCYTE 
DEVELOPMENT AND ATRESIA, AND 
SPAWNING PERIODICITY 
The overall sex ratio for dusky flathead in the 

Spawning aggregation (n=285) is 1.14, favouring 

females. Length frequency analysis of the spawning 
aggregation (FIG. 3) shows the gross variation in 

sex ratios. The size-range of males is 28 cm to 52 

cm TL. Females dominate all size classes above 45 
cm TL. The size-range of females is 33 cm to 86 cm 

TL. Females above 70 cm TL in size are uncommon, 

accounting for 6.6% of females within the spawning 
ageregation. 

Microscopic examination of ovaries of fish from the 

spawning aggregation shows oocytes at various stages 
of development. Running ripe females have hyaline 
oocytes, but large proportions of yolked and unyolked 

oocytes are also present (FIG. 4a), indicating the 

occurrence of serial spawning. In the cases of large 

females (70cm - 75 cm TL), oocyte development 

is variable with half of these fish (3 out of the 6 

examined) showing normal oocyte development (FIG. 

4b). Degenerate ovaries (FIG. 2f) were observed 
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FIG. 2. Photographs of the ovaries of dusky flathead showing different stages of development, and abnormal types. (a) 

Ripening/maturing ovary from a female dusky flathead, 41 cm TL, taken from the annual spawning aggregation during 

January 2014. Note the translucent appearance of the ovary with no yolked oocytes present. (b) Ripe/mature ovary from 

a female dusky flathead, 40 cm TL, taken from the annual spawning aggregation during December. 2013. Note the golden 

yellow colour of the ovary which contains yolked oocytes but no hyaline oocytes. (c) Running ripe ovary from a female dusky 

flathead, 40 cm TL, taken from the annual spawning aggregation during December 2013. Note the golden yellow colour of the 

ovary, and presence of hyaline oocytes through the ovary wall. (d) Spent ovary from a female dusky flathead, 41 cm TL, taken 

from the annual spawning aggregation during March 2014. Note the ovary is reddish pink and translucent, with the absence of 

yolked and hyaline oocytes. (e) Ovary of a dusky flathead, 55 cm TL, parasitized by philometrid nematodes (black in colour), 

taken from the annual spawning aggregation during January 2014. Note the presence of hyaline oocytes through the ovary 

wall. (f). Degenerate (“mushy”) ovary from a dusky flathead, 75 cm TL, taken from the annual spawning aggregation during 

November 2013. Note the flaccid appearance and grey pink colour with no hyaline oocytes present. 
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in the remaining half of individuals examined 
(70cm - 75 cm TL), and atretic oocytes at various 

stages of degeneration were common within 

these ovaries (FIG. 4c). Hyaline oocytes were not 

present in the degenerate ovaries. Large females 

with healthy ovaries lack atretic oocytes (FIG 
4b). The sequence of oocyte atresia, commencing 

with the al type atretic oocyte and progressing to 

the a5 type, is shown in FIG. 4c. Atresia begins 

with degeneration of yolk-stage oocytes. There is 

thickening of the oocyte wall and yolk globules 
within the atretic oocyte begin to collapse. There 

is a progressive shrinkage of the degenerating 

oocyte (FIG. 4c). 
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The monthly gonosomatic index values for all 
females within the spawning aggregation (n=125) 
peaks in January and remains high until March after 

which it rapidly decreases (FIG. 5). Monthly changes 
in the stages of ovarian development (FIG. 6) show 

ripening ovaries are most common in November but 

are absent from February to April. Ripe ovaries occur 

from November to March but are absent in April. 
Running ripe ovaries occur throughout the spawning 

period, November to April, but are most common 

from February to April. Spent ovaries first appear 

in February, but are most common during March 

and April. In contrast all males within the spawning 
aggregation (n=133) have running ripe testes as 

g Females (n=152) 

OMales (n=133) 

= 
co 
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Total length (cm) 

FIG. 3. Frequency of occurrence of male and female dusky flathead in size-classes from the annual spawning aggregation 
(November 2013 to April 2014) at Jumpinpin. 
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shown by the release of seminal fluid at capture. The 
monthly gonosomatic index value for males (FIG. 5) 
is highest in December, but decrease rapidly in April 

PARASITIZED OVARIES 
Of the ovaries of dusky flathead between 40 cm and 

75 cm TL (n=125), 8% were parasitized with 
philometrid nematodes. The parasitized females 
(FIG. 2e) ranged in size from 42 cm to 63 cm TL 

(mean TL = 54.4 cm). Hyaline oocytes were present 

in the ovaries of some parasitized females. Atretic 

oocytes are present, but at low frequencies. 

OVARY DEVELOPMENT AND TOTAL EGG 
PRODUCTION BY SIZE-CLASS 
The mean gonosomatic index for the size-classes of 
females throughout the spawning period shows little 

variation, except for the low value in the 40 cm to 44 
cm TL size-class (FIG. 7a). Examination of the stages 
of ovarian development of the spawning aggregation 

(FIG. 7b) shows that the presence of ripe and 
running ripe is most common (85% - 100%) in size- 

classes from 45 cm to 69 cm. The smallest size-class 
examined (40 cm — 44 cm TL) has approximately 

60% of individuals with ripe or running ripe ovaries. 

The remainder of this size-class has ripening or spent 

ovaries. In the case of the very large size-classes of 
females examined (70 cm — 75 cm TL), half have 

ripe or running ripe ovaries and the remainder have 
degenerate ovaries. 

Egg production by the dusky flathead spawning 

aggregation is highly dependent on_ size-class 

(FIG. 9). Egg production is highest in the 55 cm to 64 
cm TL range. Approximately 75% of eggs are produced 

by females in the size-range 45 cm to 69 cm TL. The 
largest females (=>75 cm TL) account for 13% of eggs 

produced by the spawning aggregation. However this 

estimate could be lower due to the effects of degenerated 

ovaries which are not taken into account in FIG. 9. 

FIG. 4. Transverse sections of the ovaries of dusky 

flathead (haematoxylin and eosin stained): ho — hyaline 

oocyte; yo — yolked oocyte; uo - unyolked oocyte; al to 

a5 — sequential stages of oocyte atresia from al (early 

atresia) to a5 (late atresia). (a) Section from the same 

running ripe ovary as shown in FIG. 2c. (b) Ripe/mature 

ovary from 75 cm TL dusky flathead taken in December 

2013. Note the absence of atretic oocytes. (c) Degenerate 

ovary from 75 cm TL dusky flathead taken in November 

2013. Note the sequence of oocyte atresia. 
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FIG, 5. Monthly gonosomatic index (mean +SE) of dusky flathead from the annual spawning aggregation, left graph females, 

right graph males. 
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FIG. 6. Frequency of occurrence of ovarian development stages each month of dusky flathead from the annual spawning 

aggregation. pr —ripening/maturing, r — ripe/mature, rr — running ripe, s — spent, d — degenerate. 
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JUVENILE GONADS AND HERMAPHRODISM 
Microscopic examination of the gonads of six juvenile 

dusky flathead shows that four fish had differentiated 

ovaries, and two had differentiated testes (FIG. 8a, 

b). However both sexes of juveniles have ovo-testes 

with one part being very small and non-functional. 
For example the testes in juvenile females are small 
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and contain no germ cells or signs of future sperm 
development (FIG. 8a). Similarly for juvenile males, 

the remnant ovaries show no signs of current or future 

egg development (FIG. 8b). 

DISCUSSION 
SAMPLE SELECTIVITY 
Fishing with baited lines was the sampling method 

used in the present study. Nets were not used in the 

Jumpinpin bar area where dusky flathead occur due 
to the presence of fallen timber and mud banks, and 

the strong tidal flows. Dusky flathead sampling in the 
Jumpinpin bar area obtained only adult fish. Juvenile 
dusky flathead were not present in this area. The 

overall size distribution of fish taken in the present 
study (FIG. 3), is similar to those reported by from 
fishery monitoring from both line and net catches 
in Queensland (Queensland Government, 2014). 

The similarities in size distributions reported from 

fishery dependent sampling and from the present 
study indicate the lack of sampling biases due to fish 

FIG. 7. Reproductive characteristics of the size-classes of 

female dusky flathead from the annual spawning aggregation 
(November 2013 to April 2014). (a) Gonosomatic index (mean 

+SE). (b) Variations in ovarian development. 
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size in the present study. In other words, the sample 

of dusky flathead taken in the present study is a good 

indicator of the size distribution of fish within the 

spawning aggregation. 

A SPAWNING AGGREGATION WITH 
PROTRACTED SPAWNING PERIOD 
The spawning aggregation of dusky flathead fits 
the definition given by Domeier & Colin (1997): 
a gathering of conspecific fish, for the purpose of 

spawning, that consists of fish densities significantly 
higher than are found during the non-reproductive 

period. The consistently high values of gonosomatic 

index for both female and male dusky flathead over 

several months are indicative of a protracted spawning 
period from November to April, and serial spawning. 

This is supported by the presence of ripe and running 

ripe fish observed in monthly gonad stages, and 

the consistent presence of hyaline oocytes as well 

as developing oocytes throughout this protracted 

period. Ovaries could be readily classified into one 

FIG. 8. Transverse section of the gonad of juvenile dusky 

flathead. (a) female, 18 cm TL. (b) male, 20 cm TL. gm — 

gonad mesentery, 0 — ovary, pro — rudimentary ovary, prt 

— rudimentary testis, t — testis. 

of four developmental stages (ripening/maturing, 
ripe/mature, running ripe, and spent). In all male fish 

taken from the spawning aggregation, the testes were 

similar in appearance and were releasing seminal 
fluid, indicating that males are capable of spawning 
at all times throughout the spawning period. There 
is a sharp decrease in the gonosomatic index of both 

females and males in April, indicating the end of the 
spawning period. The proportion of spent ovaries is 

also greatest at this time. 

VARATIONS IN SEX ~~ RATIOS, SEX 
DETERMINATION, GROWTHAND MATURITY 
In dispersed populations of dusky flathead throughout 

estuaries, males dominate the smaller size-classes and 

females the larger ones (O’ Neill, 2000; Gray & Barnes, 

2008). In the current study of a spawning aggregation, a 

skewed sex ratio is also present with males dominating 
the smaller size-classes and females dominant in the 

larger size-classes. Sex inversion has been reported in 
other platycephalid species (Shinomiya et al., 2003), 
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and sex determination, particularly the possibility of 
protandrous sex inversion (male to female) in dusky 
flathead is a possibility, given the skewed sex ratios. 

However histological examination of the gonads of 
juvenile dusky flathead during the spawning period in 
the present study shows that the sex of each juvenile 
has already been determined, and the gonads appear 

to be hermaphroditic with one active part to the gonad 

and the other part residual. It is therefore concluded 
that dusky flathead are rudimentary hermaphrodites 

(Buxton & Garratt, 1990) with separate sexes 

determined at an early juvenile stage. 

The growth of dusky flathead, based on otolith aging 
methods, has been reported by O’Neill (2000) and 

Gray & Barnes (2008). Based on those results, most 

of the male fish within the Jumpinpin spawning 

aggregation are aged one to three years, and females 

one to four years. Gray & Barnes (2008) sampled 

dusky flathead, including both juvenile and adult fish 

throughout selected estuaries in New South Wales, 
and were able to estimate the lengths at which 50% 
of individuals attain sexual maturity (32 cm TL for 
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males and 57 cm TL for females). It was not possible 

to determine these values in the present study as 
only adult fish were present within the spawning 
aggregation sites. The mean sizes of spawning 

dusky flathead in the present study are 39 cm TL for 

males and 52 cm TL for females. The mean size of 

spawning fish is expected to be greater than the size 

at which 50% reach maturity. The anomaly in the case 
of females may result from regional differences in 
dusky flathead growth patterns, or from differences in 

sampling methodology between the two studies. 

FECUNDITY AND TOTAL EGG PRODUCTION 
BY THE SPAWNING AGGREGATION 

The overall production of eggs by individual female 

dusky flathead throughout the spawning season 

(fecundity) could not be accurately calculated in the 

present study. Dusky flathead are serial spawners, 

releasing oocytes in batches on an unknown number 

of occasions over a protracted period (November to 

April). Microscopic examination of individual ovaries 
indicates a range of oocyte developmental stages 

in each ovary, from very small (previtellogenic) 

Total length (cm) 

FIG. 9. Level of egg production by size-classes of female dusky flathead within the annual spawning aggregation at Jumpinpin 

(November 2013 to April 2014). 
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oocytes to hydrated oocytes about to be shed. It is 

also expected that additional oocytes will later be 
produced by the ovarian germ cells and develop 
in the same spawning period within a given ovary. 

Also the numbers of eggs already shed from an 

ovary could not be determined as empty follicles 
are uncommon, indicating their rapid resorption. 

For these reasons the fecundity of individual dusky 

flathead was not estimated, but it is obviously 

very high based on macroscopic and microscopic 
examinations of oocyte numbers in the ovaries. 
As an alternative to fecundity, an index for the 

production of eggs by each size-class of dusky 

flathead was estimated by the summation of the 

weights of all ovaries within that size-class group 

(FIG. 9). Calculations of fecundity in fish are most 

commonly based on ovary weight or volume, and 

estimates of oocyte density and quality (Murua et 

al., 2003). In the present study, ovary weights were 

accurately obtained. The uniform and relatively 
high incidence of ripe and running ovaries in the 
majority of size-classes (45 cm — 69 cm TL) is an 

indicator of uniform and high oocyte density and 

quality. In the smallest (< 45 cm TL) and largest 
(> 69 cm TL) size-classes the levels of density 

and quality of advanced oocytes (yolk-stage 

and hyaline) is lowest (FIG.7b). The summation 

of ovary weights of the various size-classes is 
expected to be a reasonable indicator of their egg 

production. Based on this index (FIG. 9), the 

production of eggs is very high in the mid-sized 
females (45 cm — 69 cm TL). Low proportions of 

eggs are produced by both small and large size- 

classes (<45 cm TL or > 70 cm TL). 

Experienced recreational fishers have reported the 
common presence of “mushy ovaries” in large female 
dusky flathead prior to 2000 (Ken Davis, pers. com.). 

After 2000 the taking of these fish was banned by 
regulation. Degenerated ovaries are expected to 

reduce the overall egg production by large female 

size-classes. However this was not factored into the 
estimates of egg production given in FIG. 9, which 

are already low due to the low occurrence of large 
females in the spawning aggregation. The cause of 

ovary degeneration in dusky flathead is uncertain. It 

could be associated with natural infertility in some of 
the larger fish as they age. It could also be associated 

with the inability of very large dusky flathead to 

obtain sufficient prey on the spawning grounds, with 
an associated reduced nutritional state which inhibits 

the normal production of oocytes to the hyaline stage. 

Philometrid parasites occurred in the ovaries of some 
females in the spawning aggregation (8%). These 

parasites were observed in all size-classes. Whilst 

some oocyte atresia was observed by histological 

examination, the ovaries of parasitized fish frequently 

contained hyaline oocytes. These factors indicate that 
the impact of philometrid parasites on the overall 
production of eggs by the spawning aggregation is 

relatively low. 

FISHERY MANAGEMENT IMPLICATIONS 
Studies of fish spawning aggregations throughout 

the world are dominated by those of reef fish 

species. Consequently the management responses 

and recommendations for the protection of reef fish 
are more advanced in comparison to those for other 

fish (Colin et al., 2003; Sadovy De Mitcheson et al., 

2008). The spawning aggregation of dusky flathead 

differs from those of most reef fish in several ways. 

Dusky flathead spawning occurs over a protracted 

period of approximately six months. They are serial 

spawners with females capable of producing batches 

of eggs several times during the spawning period. The 
sexes are separate. Growth is rapid with very young 
males and females capable of participation in the 
spawning aggregation. The spawning aggregation is 

distributed over a wide geographical area of several 

square kilometres at the estuary - ocean interface. 

Spawning dusky flathead do not form dense schools. 

Photographs and videos of dusky flathead taken 
by divers at spawning aggregation sites in south 

Queensland show small, scattered groups of three to 

six fish in close association with each other on the 
substrate (author, personal observation). These small 

groups consist of a range of fish sizes, presumed to 
be females and males. However the actual act of 

spawning by dusky flathead has not been reported. 

The characteristics of the dusky flathead spawning 
aggregation makes it less vulnerable to fishing 

pressure compared with spawning aggregations of 
reef fish. Even so responsible management, based on 

scientific knowledge, is necessary to ensure that dusky 

flathead stocks are not overfished. 

The fishery for dusky flathead in Queensland has 
two components: summer spawning aggregations 
at estuary-ocean junctions, targeted primarily 

by recreational fishers, and dispersed adult fish, 

targeted by both recreational and commercial fishers 

throughout the year. The present study was confined 

to the spawning aggregation component. The total 

catch of dusky flathead by recreational fishers in 
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Queensland is approximately 100 tonnes annually 
(Queensland Government, 2007; Taylor et al., 

2012). The total annual catch of dusky flathead 

by commercial net fishers in Queensland is 

approximately 60 tonnes (Queensland Government, 

2011). The recent survey of recreational fishing in 

Queensland shows that most of the dusky flathead 
catch by recreational fishers is taken in south 

Queensland, the region of the present study (Taylor 
et al., 2012). Dusky flathead stocks in Queensland 

are “sustainably fished” (Roelofs et al., 2012). 

This stock assessment is primarily based on length 
at age data from fishery dependent monitoring as 
well as time series fisheries data (annual catch per 

unit effort and total catch over time). The current 

controls on fishing activities in Queensland are 

important in ensuring sustainability of dusky 
flathead stocks. The minimum size restriction of 

40 cm TL for dusky flathead provides protection 

for 73% of males and 15% of females within the 

spawning aggregation. This minimum size also 

provides for protection of the majority of juveniles 
and a proportion of the small adults throughout the 

non-spawning habitats. The upper-size limit of 75 
cm TL was implemented to protect large fecund 

females (Queensland Government, 2011). The 

findings of the present study have implications for 
the future management of the dusky flathead fishery. 
In particular the size characteristics of the spawning 
aggregation, the levels of egg production by the 

various size-classes of females, and the effects of 

degenerate ovaries found in large females could be 

considered in future fisheries management reviews. 

However it is important to note the limitations of 

the present study which was confined to the dusky 

flathead spawning aggregation for a single season at 
a single location. 

The establishment of the Swan Bay Fish Sanctuary at 

Jumpinpin as part of habitat protection for fisheries 
purposes in 1969 (Queensland Government, 2012b) 

provides an important additional component of 

protection for dusky flathead. Swan Bay lies within 

the areas identified as spawning aggregation sites. 

During the spawning period, dusky flathead were 

commonly observed on many occasions in the 
shallow, sandy entrance as well as within the Swan 

Bay Fish Sanctuary (author, personal observation). 

It is therefore reasonable to deduce that a large 

proportion of the dusky flathead spawning aggregation 

at Jumpinpin is unfished as a result of the Swan Bay 
Fish Sanctuary. 
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A PALAEOCLIMATIC RAINFALL HISTORY FROM LAKE BROADWATER, 

SOUTHEAST QUEENSLAND, AUSTRALIA 

COTTRILL, D. A.', RIBBE, J.'"", MARON, M.?, & JACOBSEN, G.? 

A palaeoclimatic Holocene rainfall history is reported for Lake Broadwater in southeast Queensland, 

Australia. This naturally occurring semi-permanent freshwater lake is part of the Condamine-Balonne 

Catchment on the Darling Downs. It is an important natural habitat for waterbirds and other wildlife, 

but it dried-out completely during the Australian Millennium Drought from 2001-2008. Lake sedi- 

ments were sampled to a depth of about 1.7 m from the centre of the lake in March 2007. A detailed 

chronology developed from radiocarbon ('*C) dating indicates that sedimentation was fairly constant 

into the lake and averaged ~0.16 mm year' since about 11 kyr cal B.P. An interpretation of the pal- 

aeoclimatic record indicates higher rainfall and moist conditions prevailed from ~11 kyr to ~3.5 kyr 

cal B.P., followed by lower rainfall, decreasing further from ~2.2 kyr cal B.P to the present day. This 

change to drier conditions most likely reflects an increase in frequency and/or intensity of El Nifio— 

Southern Oscillation (ENSO) cycles which began in the mid—late Holocene and has been identified 

from other proxy records elsewhere in eastern Australia. The change to a lower rainfall regime suggests 

large-scale ocean/atmospheric circulation changes affecting not only coastal regions, but also inland 

regions of eastern Australia including the northern parts of the Murray—Darling Basin. 
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INTRODUCTION 
This research paper explores the palaeoclimatic 
rainfall history for Lake Broadwater in southeast 
Queensland, Australia (FIG. 1). This naturally 

occurring semi-permanent freshwater lake is part 

of the Condamine-Balonne Catchment on the 

Darling Downs. It is an important natural habitat 
for waterbirds and other wildlife, but it dried- 

out completely during the Australian Millennium 

Drought from about 2001-2009. Rainfall histories 

derived from palaeoclimatic proxies such as lake 
sediments extend the temporal range of direct 

observations and can provide a wealth of information 

on the past environmental history of a region. 

Several palaeoenvironmental records from lake 

sediments have been constructed from a number 

of locations in Queensland including Fraser Island 
(Donders et al., 2006), North Stradbroke Island 

(McGowan et al., 2008), Whitsunday Island (Genever 

et al., 2003), the Atherton Tableland (Kershaw, 1983) 

and the Cape York Peninsula (Luly et al., 2006) using 

palynology, geochemical analysis and stratigraphy. 

However, there is a paucity of similar such 
palaeoclimatic reconstructions from inland Australia 

(Kershaw, 1995), with none from the Condamine 

River catchment in the upper reaches of the Murray— 

Darling Basin in Queensland (FIG. 1). 

Lacustrine sediments provide some of the best natural 

archives for palaeoclimatic information in terrestrial 

settings. Their textural parameters provide important 
information on the provenance, mechanisms of 

transport, palaeoclimatic and hydrological conditions 

(Last & Smol, 2001) and record regional climatic 

and environmental information (Chen et al., 2005). 

Fluctuations in the grain size of lake sediments 

record subtle changes in the hydrological conditions 

associated with regional climate and environmental 

change and have been used successfully to correlate 
across different regions (Hakanson & Jansson, 1983). 

Larger grain size (i.e. coarse sediments) reflect drier 

and smaller grain size (i.e. finer sediments) wetter 

climatic conditions (see Chen et al., 2004 for review). 

Grain size analyses have been used recently from a 
number of lakes including, for example, Lake Baikal 
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in Russia (Kashiwaya et al., 2001), Dali Lake in 

China (Xiao et al., 2008) and from Yallalie Lake in 

Western Australia (Dodson & Lu, 2005) to establish 

palaeoclimatic and environmental conditions. 

In this study, the analysis of lake sediments from 

Lake Broadwater provides an insight into the 
sedimentation history and palaeoclimatic conditions 

that prevailed during the Holocene in the Upper 
Condamine River (FIG. 1). The palaeoclimatic 
conditions enable the major changes in the 
hydrological conditions during sedimentation to be 
identified and hence an interpretation of the regional 
palaeoclimate to be established. The focus of this 

research paper is a discussion of the composition of 

the sediment core, the radiocarbon dating data and 

the derived palaeoclimatic rainfall history. A full 
account of the detailed sediment core laboratory 
analysis is documented in Cottrill (2009). 

MATERIALS AND METHOD 

STUDY SITE DESCRIPTION 

The Lake Broadwater Conservation Park is located 

about 30 kilometres southwest of Dalby, in the 

Darling Downs region of southeast Queensland (SE 
QLD) and in the Condamine River catchment in the 

upper reaches of the Murray—Darling Basin (FIG. 1). 
The park covers over 12.2 km? of natural bushland 
with the lake occupying ~3.5 km”. Lake Broadwater 
Conservation Park is the only naturally occurring 
water body of this type in the Darling Downs region 

and is listed in the Australian Directory of Nationally 

Important Wetlands (Environment Australia, 2001). 

Lake Broadwater is a mature, shallow eutrophic lake. 

It is about four metres deep and outflow occurs from 

the northern corner of the lake into an area called 
the ‘overflow’ leading into Wilkie Creek and the 
Condamine River. Small streams flow after heavy 

rain into the lake. The origin of the lake is unclear but 

may have been created during earlier periods of higher 
rainfall and river flows (Scott, 1988). 

CLIMATE DESCRIPTION 

The present-day climate of the Lake Broadwater 1s 
classified as subtropical with an austral summer rainfall 

maximum (Colls & Whitaker, 1993; Sturman & Tapper, 

1996). The lake is located about 200 km inland from 

FIG. 1. Location map of Lake Broadwater (left) in Queensland, Australia and the catchment area of the Murray—Darling Basin 

(dark grey). Detailed location map of Lake Broadwater and surrounding area in SE QLD from Insert (right) and the Condamine River. 
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the Australian east coast in the lee of the Great Dividing 
Range and easterly winds from the Coral Sea become 
drier. It appears that the closest weather station is 
located at Dalby Airport and climate data for the region 

is available from the Australian Bureau of Meteorology 

(see http://www.bom.gov.au/climate/averages/tables/ 

cw_041522 All. shtml). The climatological total annual 

rainfall is about ~620 mm, with a monthly average 

minimum of about 30 mm during winter (June-August) 

and 85 mm during summer (December-February). 

Mean maximum temperatures in the region vary from 
~33°C in austral summer to ~20°C in austral winter. 
Mean minimum temperatures vary from ~20°C in 

austral summer to ~5°C in austral winter. 

Since the early 1980s, there has been an observed 
gradual decline in the annual rainfall of about 20%, 
consistent with the rainfall declines seen over much of 
eastern Australia and Queensland (Murphy & Ribbe, 

2004). Frequent multi-year dry (e.g. the Australian 

Millennium Drought) and wet periods such as the 

2010/11 La Nina are superimposed upon the long term 

drying trend. Consequently, the lake has undergone 
major water level fluctuations in recent times. Based 
on local reports from residents in the area, Lake 
Broadwater appears to have dried out on at least six 

occasions: 1935-1939, 1966, 1969, 1987, 1992 and 
2007-2008. These periods usually coincide with low 
annual rainfall of below ~600 mm in two or more 

consecutive years and also with El Nifio events. 

METHOD 
A 1.7m core was obtained using PVC and aluminium 

pipe from the middle of the dry lakebed in March 
2007. A number of palaeoenvironmental records 
have been established using single cores from other 
lakes in eastern Australia (Petherick et al., 2008) and 

elsewhere (Xiao et al., 2008). Detailed stratigraphy, 
multi-element geochemistry (figures not shown) 

and grain size analysis (using samples dispersed 

in deionised water and measured by a laser particle 

size analyser) was completed on the lake samples 

(for details see Cottrill, 2009). This information was 

used to identify significant trends and changes in the 

palaeoenvironmental conditions in the lake during 
sedimentation, with dating used to establish the 

chronology reported in this research note. 

Mapping of the Lake Broadwater catchment area was 
undertaken to classify the soils and geological units into 
regolith types (Cottrill, 2009). This mapping provides 

details on the spatial distribution of the regolith—landform 
types and how these may have influenced sedimentation 

into the lake. Here, we present a brief description of 
composition of the core, the results from radiocarbon 

analysis and discuss the derived rainfall history. 

Radiocarbon (14C) dating was completed on six samples 

selected at regular intervals throughout the core. Samples 

were analysed using Accelerator Mass Spectrometry 
(AMS) at Australian Nuclear Science and Technology 

Organisation (ANSTO) using the 2MV STAR tandem 

accelerator. Details on the methodology used at ANSTO 
and calculations of the conventional radiocarbon ages 
can be found in Hua et al. (2001), Fink et al. (2004) and 

Stuiver & Polach (1977) respectively. 

The lake sediments were initially treated with the 

standard acid-alkali-acid treatment (Gupta & Polach 
1985). This removes carbonates and humic acids 

from the sediments; however, there was insufficient 

remaining organic material or free charcoal 
(<0.025%) in all six samples to continue with the 

standard radiocarbon dating. As it was apparent that 
the bulk of organics had been removed from the 

sediment as humic acids, radiocarbon dating using 
the humic acid fraction in the samples was used as 

an alternative method to standard radiocarbon dating 
and proved successful. All the remaining sediment 
samples were therefore treated using a single acid step 

only (Taylor et al., 2005) and the dating performed 

on carbon extracted from the bulk organics in the 

sediment. While it is recognised that bulk organics 

in sediment can be a mixture from different sources 
of carbon and therefore may not provide an accurate 

age for a specific layer, it may enable determination of 

sedimentation rates (Walker et al., 2007). 

To calculate sedimentation rates (mm/yr), the 

conventional radiocarbon ‘year’ must be calibrated 

to calendar years. This calibration was done using 
the SHCal13 dataset (Hogg et al., 2013) using the 

OxCal 4.1 program (Bronk Ramsey, 2009). The 

calibrated dates are then used to provide a mean 

sedimentation rate. 

RESULTS 
The Lake Broadwater sediments are massive with no 
distinctive bedding or layering identified in any part 

of the core. The composition of the lake sediments, 

bulk density (g/cm*), magnetic susceptibility (mT) 

and grain size parameters are shown in FIG. 2. 
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The surface sample (0-1 cm) is composed of dry, 

brown (occasionally medium grey), fine to medium 
sands and minor silt, with varying amounts of 
organic material. The lake sediments from 1-15 cm 

consist of light brown (minor dark greys), coherent, 

fine-grained sands and minor silts. Small desiccation 
cracks (<1 mm) and hairline roots with yellow— 

orange goethite staining, indicates recent oxidation. 

From ~15—38 cm, the sediments are composed of 

moist, medium brown to dark grey, fine grained 
sands and silts, with weak goethite staining. There is 
a gradual decrease in the grain size from the surface, 

with dominantly fine sands above ~15 cm and fine 

sands and increasing silt content from 15-38 cm. 

Below ~38 cm, the sediments consist of medium 

brown to dark grey, very fine grained silts and clays, 

with moderate and patchy pervasive goethite staining 

to a depth of ~67 cm. Below ~121 cm, there is no 

significant goethite staining. 

Bulk density varied from 1.04g g/cm?’ for the 

unconsolidated sandy sediments at the surface, to 
1.72 g/cm? from 1-21 cm. From 21—121lcm, the 

average bulk density was 1.40 g/cm? and lower from 

121-171 cm, witha value of 1.10 g/cm?. The magnetic 
susceptibility of the lake sediments was generally low 
(<0.4 mT), with the highest reading recorded from the 

surface sample (0.33 mT). Only very low magnetic 
susceptibility values between 0.14-0.21 mT were 

detected in the rest of the core (FIG. 2). 

Six lake sediment samples from the core were 

submitted to ANSTO for dating to determine 
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sedimentation rates. Table 1 presents results from 

the dating on the humic acid fraction of the core. The 
sample at 10-11 cm had a conventional radiocarbon 

age of 2.00 +/-0.06 kyr B.P. and mean calibrated 

age of 1.91 +/-0.15 kyr cal B.P. (OZK333), whilst a 

maximum conventional radiocarbon age of 9.47 +/- 

0.10 kyr B.P. and mean calibrated age of 10.72+/- 
0.38 kyr cal B.P. (OZK338) was reported at 170-171 

cm. The four remaining samples show the ages 

steadily increased at ~1—2 kyr with increasing depth, 
assuming there has been only minimal compaction 
of the sediments during this time. This results in a 

fairly constant sedimentation rate averaging ~0.16 
mm yr! over the entire period. However, the interval 
from the surface to the first sample at 10-11 cm had 
a significantly slower sedimentation rate of ~0.05 mm 

yr', assuming the surface age represents zero years 
and there has been minimal loss of sediments from 

deflation or biological activity. 

DISCUSSION 
The Lake Broadwater core revealed an upward 

trend of coarsening grain sizes, from silts and clays 

to sands and minor silts (Cottrill, 2009). Grain size 

analyses conducted by laser diffraction on the Lake 

Broadwater lacustrine sediments are consistent with 
grain sizes revealed in the core by logging, although 

these did not pick up the increase in the sand 

sizes above ~38 cm depth and were more variable 

than logged from the core. The laser diffraction 

also shows increasing average and median grain 

size towards the surface, and a change from a 
unimodal to a bimodal population distribution. 

(um) Sand % silt % nd 
400 150/0 «20 «400 «6g (Oss ftw | BP. 

: a eas | 
50 700 150 | 0 50 

“ 
Sand 

Minor Silt. 

Silts/Clays. al 

1911 +/- 148. 

3052 +/- 186 

4674 +/- 204 

10,717 +/- 380 

FIG. 2. Lithology, bulk density (g/cm3), magnetic susceptibility (mT), grain size (um) and mean radiocarbon (14C) chronology 

from Lake Broadwater, SE QLD. 
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TABLE 1: Summary of radiocarbon (14C) dates from Lake Broadwater, Queensland. 

Depth (cm) ANSTO 6 BC (%) Modern Carbon | “C age Mean “C age 
sample code (%) (year B.P.) (year cal B.P.) 

10-11 OZK333 77.96 £0.53 2000 + 60 1911 + 148 

30-31 OZK334 69.22 + 0.50 2940 + 60 3052 + 186 

60-61 OZK335 5937+051 4190 + 70 4674 + 204 

110-111 OZK336 46.09 + 0.47 6220 + 90 7069 + 234 

140-141 OZK337 35.53 0.50 8310 + 120 9239 + 300 

170-171 OZK338 30.76 + 0.35 9470 + 100 10,717 + 380 

Laser diffraction can lead to grain sizes being 
overestimated by a number of size classes (Konert 

& Vandenberghe, 2008), which may also influence 

the analysis of some samples presented in this 

paper. Fluvial sediments are composed generally 
of two components, a saltation—dominated sand 

fraction and a silt and clay component held in 
continuous suspension and deposited on floodplains 

by overbank flooding (Blatt et al., 1980). The 

coarser sand fractions are more likely to be derived 
from local sources and the latter from more distal 

sources, such as the Condamine River. 

The geochemistry of the lake samples represents the 
broad mineral composition of the lake sediments 
(see Cottrill, 2009). The increasing percentage of 

siliciclastic material and decreasing clay percentage 

toward the surface of the core, represents increasing 
sand and decreasing clay components, respectively. 

The relatively low Al values in the top ~20 cm of core 
indicates lower clay values with more sand; whereas 

higher Al values lower in the profile, indicate a higher 

percentage of clay minerals. The positive correlation 

between Fe and Mn values and the abrupt change 

in the Fe/Mn ratio between 10-40 cm, may reflect 

changes in the redox conditions during sedimentation 

(Wersin et al., 1991), or alternatively the recent 

oxidation (goethite staining) as the lake surface 

dried. The drying of the lake surface may also have 
concentrated the Ca, Sr, K and Na values in the surface 

sample. Increasing Na values with depth indicates 
increasing groundwater salinity and this is confirmed 

by the water testing (Na and Cl values >1000 ppm) 

from boreholes adjacent to the lake. The very low or 

below detection limit of many samples with C% and 

N% levels prevented the C/N ratios being determined 
and hence the sources of the organic matter being 
identified (Last & Smol, 2001). 

Sedimentation in Lake Broadwater appears to have been 

continuous and mostly undisturbed for the entire period 

of deposition of ~10,000 years. The dating of Lake 
Broadwater sediments shows a relatively uniform mean 
rate of sedimentation of about 0.15 mm / year dating 
back to the early Holocene. The constant sedimentation 

from 10.72 + 3.80 kyr cal B.P. to 1.91 + 1.48 kyr cal B.P. 

suggests that the lake has undergone minimal changes 

during the Holocene, whilst establishing a unique and 

complex biodiversity of flora and fauna around the lake 
(Scott, 1988). The fine grained nature of the sediments 

may have limited the movement of the humic acids in 
the profile, although this cannot be discounted (Tuniz, 

2001) and some caution on the precise age of the lake 

sediments is required (Blaauw et al., 2007; Oswald et al., 

2005). Bioturbation may have mixed sediments locally, 

however the constant sedimentation rates would suggest 

this has had a minimal impact (Olsson, 1991). The major 

increase in grain size at about 38 cm and 15 cm indicates 
significant palaeoenvironmental changes have occurred 
at ~3.5 kyr cal B.P and ~2.2 kyr cal B.P. respectively. 

The change in grain size indicates some variation 

in the sedimentary source feeding into Lake 

Broadwater. Increasing grain size and lower lake 

levels have been attributed to lower rainfall in 
an arid zone of China (Wunnemann et al., 2006) 

and grain size distributions (silt—size percentages 

and median grain size) reflecting inwashing 

and variations in precipitation rates have been 

recorded from a small lake in Inner Mongolia (Jin 

et al., 2006). At Lake Broadwater, there may also 

have been a small contribution from aeolian dust 

deposited into the lake (McTainsh & Strong, 2007), 

especially above ~10 cm, where the estimated 

sedimentation rate 1s much lower. However, no 

significant aeolian deposits have been found in the 
Lake Broadwater region. 
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Although river patterns and their associated deposits 
are complex (Twidale, 2004), the following synthesis 

can account for the sedimentation characteristics 
identified at Lake Broadwater. The lake sediments 

show a decrease in the percentage of clays and an 

increase in the percentage of sand, especially at ~38 

cm (~3.5 kyr cal B.P.) and ~15 cm (~2.2 kyr cal B.P.) 

and a slow change from a dominantly unimodal to a 
bimodal grain size distribution during the ~11 kyrs 
of sedimentation. This indicates the provenance 

of the sediments has evolved slowly from a distal 
to a proximal source. The main source of the silts 

and clays in Lake Broadwater below ~38 cm is 

likely to be from the Condamine River and the Long 
Swamp palaeochannel, due to suspension/overbank 

flows. Sediments associated with the Condamine 
floodplain also have a dominantly unimodal silt 
and clay dominated grain size (Harris et al. 1999). 

Lake Broadwater was probably connected to the 

Long Swamp palaeochannel from the southeast via 
a channel, which has now been covered by sandy 

sediments. A change to a lower rainfall, with less 

dense vegetation would have initiated more local 

sediment to be transported in and around the lake 

(via traction and saltation), with less flooding and 

floodplain sedimentation from the Condamine 
River reaching Lake Broadwater. Hence, a change 

from wetter conditions, higher lake levels and finer 
sedimentation up to ~3.5 kyr cal B.P., gradually 
changed to drier or more variable conditions, with 

lower lake levels and coarser sedimentation from 
~~3.5 kyr cal B.P., with further rainfall decreases 
from ~2.2 kyr cal B.P. Constant sedimentation rates 

indicate the locally derived sediments made up the 

balance of input into the lake, while finer sediments 

from Long Swamp palaeochannel were slowly 
reduced. It is possible the lower sedimentation rates 

from ~10 cm (~1.9 kyr cal B.P.) represents the final 

cessation of sediment input from the Long Swamp 
palaeochannel and the Condamine River, leading 
to greater fluctuations in lake levels, with marginal 
sediments and sands washing into the lake more 

frequently. Alternatively, the eastward migration of 
the Condamine River to its present location away 

from Lake Broadwater may have also reduced 

muddy overbank and flood plain deposits in the 

Long Swamp and Lake Broadwater area, eventually 

forming the present drainage and landscape. 

The results from this study indicate a slow change 

from a higher to lower rainfall regime has occurred 
at Lake Broadwater from ~~3.5 kyr cal B.P. This is 

consistent with other Holocene changes identified 
from a number of lakes and proxy records from 

eastern Australia (Donders et al., 2007; Gagan et al., 

2004; Harle et al., 2005; Kershaw, 1995). Modern 

fluvial activity started at 9-5 kyr B.P. on the Murray 

River system (Ogden et al., 2001) and pollen analysis 

from lakes in the lower section of the Darling River, 
downstream from the Condamine River, indicates late 

Holocene aridity from ~4.0 kyr B.P. (Cupper, 2005). A 

mid-late Holocene arid phase at ~4.7—3.4 kyr B.P. has 

been identified from nearby North Stradbroke Island, 

where dust deposition peaks are second only to those 

seen during the last glacial maximum (McGowan et 
al., 2008; Petherick et al., 2008). A decline in rainfall 

from Fraser Island from ~4 kyr B.P. was interpreted 

from palynological records (Longmore, 1997) and 

more recently at ~3 kyr B.P. (Donders et al., 2006). 

Three periods reflecting major changes in ENSO 

activity have occurred during the postglacial transition 

and the Holocene. The three intervals from 17-9 kyr 
B.P., 9-5 kyr B.P. and 5 kyr B.P. to the present have 

been identified from charcoal abundances, determined 

from 10 lake and wetland records adjacent to the 

Indo-Pacific Warm Pool (Gagan et al., 2004). Higher 
charcoal abundances in the intervals from 17-9 kyr 
B.P. and 5 kyr B.P. to the present reflect higher rainfall 

variability and lower charcoal abundances in the 
interval from 9-5 kyr B.P., lower rainfall variability. 

Further, terrestrial records indicate a marked increase 

in the ENSO activity ~3 kyr ago (Gagan et al., 2004). 

The results from this study show a marked change in 

the nature of sedimentation at ~3.5 kyr cal B.P. and 
~2.2 kyr cal B.P. This is consistent with the evolution 
of the ENSO periodicities described by Gagan et 

al. (2004) and indicates ENSO may have been an 

important factor in determining rainfall variability 
in the SE QLD region for much of the mid-late 
Holocene, similar to nearby regions. 

CONCLUSION 
A combination of data from stratigraphy, grain 
size, geochemistry and regolith mapping combined 

with radiocarbon ('*C) dating has enabled a 

detailed Holocene palaeoclimatic rainfall history 
to be established for Lake Broadwater. Sediment 
accumulation rates of 15—25 cm/kyr in the lake are 
remarkably consistent for most of the profile, except 

from ~10 cm to the surface, where the accumulation 

rate is lower. The relatively stable grain size from 
~10.7_ kyr cal B.P. (171 cm) to ~3.5 kyr cal B.P. 

(38 cm) indicates a relatively stable palaeoclimate 

regime, with higher rainfall and sedimentation at Lake 
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Broadwater derived from fluvial sources such as the 
floodplains of the Condamine River. An increase in 

the grain size from ~38 cm (~3.5 kyr cal B.P.) points 

to a change in the palaeoclimatic conditions with 

lower rainfall and reduced deposition of fines from 
less frequent flood waters from the Condamine River 

and more localised runoff and reworking of localised 

sediments. These latest sedimentary processes, 

especially since ~2.2 kyr cal B.P., appear to have 

continued through to the present day. The sedimentary 
changes revealed in the core between ~3.5—2.2 kyr 
cal B.P. most likely reflect a significant decrease in 
rainfall or higher rainfall variability, with the onset of 
stronger ENSO variability. Vegetation changes, with 

the expansion of eucalypt and the decline in rainforest 
species have also been recorded in eastern Australia 

during this time (Cupper, 2005; Genever et al., 2003; 

Kershaw, 1995). The onset of modern Holocene ENSO 

periodicities at ~5 kyr B.P. with an abrupt increase in 

ENSO magnitude ~3 kyr B.P. is consistent with the 
results described from this study (Gagan et al., 2004). 
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MICROMORPHOLOGY AND ANATOMY OF LEAVES OF SYZYGIUM 

FLORIBUNDUM (MYRTACEAE: SYZYGIEAE), A RAINFOREST TREE 

ENDEMIC TO EASTERN AUSTRALIA 

RETAMALES, H. A.', SCHERSON, R.*, SCHARASCHKIN, T.! 

Although species of Syzygium are abundant components of the rainforests in Queensland and New 

South Wales, little is known about the anatomy of the Australian taxa. Here we describe the foliar 

anatomy and micromorphology of Syzygium floribundum (syn: Waterhousea floribunda) using stan- 

dard protocols for scanning electron microscopy (SEM) and light microscopy. Syzygium floribun- 

dum possesses dorsiventral leaves with cyclo-staurocytic stomata, single epidermis, internal phloem, 

rhombus-shaped calcium oxalate crystals and complex-open midrib. In general, leaf anatomical and 

micromorphological characters are common with some species of the tribe Syzygieae. However, this 

particular combination of leaf characters has not been reported in a species of the genus. The anatomy 

of the species is typical of mesophytic taxa. 

' School of Earth, Environmental and Biological Sciences, Science and Engineering Faculty. 

Queensland University of Technology. Brisbane, OLD 4001, Australia. 

? Plant Biology Laboratory, Faculty of Forest Sciences and Nature Conservation, University of Chile, 

45 

P.O. Box 9206, Santiago, Chile. 

INTRODUCTION 
Syzygium Gaertn. is a large genus in the family 

Myrtaceae that comprises approximately 1200 species 

(Craven and Biffin, 2010). Species of the genus are 

predominantly trees occurring in rainforests from 
China and southeast Asia to south eastern Australia 
(Hyland, 1983; Craven et al., 2006). These species are 

abundant components in the upper and medium strata 

of rainforests of eastern Australia (Hyland, 1983). 

Syzygium floribundum F.Muell (sect. Waterhousea) 

(Weeping Lilly Pilly) is a tree up to 30 m tall 

(FIG. 1 A). It is endemic to Australia and occurs in 

southeastern Queensland and northeastern New South 

Wales, mainly along creeks and rivers in microphyll 
rainforests (Hyland, 1983). The species is regarded as 

a horticulturally important tree, adequate for streets 

and gardens and appears to be relatively tolerant to 

myrtle rust (Queensland Government, 2014). As with 

other species of Myrtaceae, it is also important for 

local fauna as a food source, particularly birds and 

insects (Wilson, 2011). 

Syzygium floribundum was formerly placed in the 

genus Waterhousea B. Hyland, which was recognized 
as an exclusively Australian genus with four species. 

It has recently been transferred to Syzygium on the 
basis of molecular and morphological phylogenetic 
evidence (Biffin et al., 2006; Craven et al., 2006; 

Craven & Biffin 2010). Waterhousea (B.Hyland) 

Craven & Biffin, comb. nov. is now considered a 

section in subgenus Acmena (DC.) Craven & Biffin, 

comb. nov., in the genus Syzygium. 

Anatomical and micromorphological characters have 

shown to be relevant for taxonomic delimitation in 
the family (Schmid, 1980; Fontenelle et al., 1994), 

but only a few species have been examined. The 

leaf anatomy of a number of species of Syzygium, 
but not S. floribundum, was investigated by Soh 
& Parnell (2011) and shown to be taxonomically 

useful for the infrageneric classification of the 

genus. The leaf surface micromorphology has not 
been described for any species in the genus. This 

investigation aims to undertake a complete anatomical 
and micromorphological description of the leaves of 
Syzygium floribundum so as to determine if there 
are any taxonomically important characters that 

differentiate this species from others in the genus. 

MATERIAL AND METHODS 
SAMPLING 
Mature leaves of Syzygium floribundum were collected 
as fresh material from the natural habitat of the 

species (FIG 1 B). Leaves were collected from sun- 

exposed branches from randomly selected individual 

trees in a riverside forest in Enoggera, QLD (27° 26’ 
27” S / 153° 0’ 45” E) and a small rainforest 2 km 

away from the coast in Noosa, QLD (26° 38’ 52” S / 
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153° 2’ 36” E). Specimens (Reta-056.1, Reta-056.2, 

Reta-056.3 and Reta-056.4) are currently housed at 

the Queensland Herbarium (BRI). The location of 

sampling localities and the geographical distribution 

of the species are shown in the FIG 2. 

SCANNING ELECTRON MICROSCOPY 
Leaves were fixed in FAA for 24-48h, dehydrated 
using a graded ethanol series and then critical point 

dried (Anderson, 1951) in an Autosamdri-815 

automatic critical point drier. Samples were mounted 
on stubs with self-adhesive double-sided carbon discs 
and sputter-coated with gold palladium for 175 sec 

using a Leica EM SCD005 Gold Coater. Examination 

and photography were conducted using a FEI Quanta 

200 SEM/ESEM operated at 10kV. 

LIGHT MICROSCOPY 
Leaves were fixed in FAA for 24-48h prior to being 

dehydrated through a graded ethanol series and 

embedded in paraffin wax (Johansen, 1940; Ruzin, 

1999). Transverse sections (Sum thickness) were cut 

using a Leica rotary microtome. Staining of sections 

was performed using a 0.05% (w/v) of ruthenium red 

in distilled water and a counterstaining with 0.1% 

(w/v) solution of toluidine blue (TBO) in distilled 

water (O’Brien et al., 1964; Chaffey et al., 2002). 

Leaf clearings were prepared by immersing tissue 

fragments of 1-2 cm? in 10% KOH at room temperature 

for 48 h followed by 7% NaClO for 2 h or until leaves 
turned transparent. Cleared leaves were washed five 

times with distilled water, stained with 0.1% safranin 

and mounted with lactoglycerol (lactic acid-glycerol 

FIG. 1. Syzygium floribundum, habit and leaf morphology. A, 

Tree. B, Detail of leaves. 

FIG 2. Geographical distribution of S. floribundum showing 

sampling localities. Red dots- geographical distribution of 

the species. Green dots- sampling localities. Map obtained 

and adapted from: Australia’s Virtual Herbarium (2014). 
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1:1). Sections were dried and mounted with Entellan 

mounting medium. Slides were observed using a 
Nikon SMZ 800 Stereo light microscope (Nikon 
eclipse 501i compound) and images captured using the 

NIS Elemental digital image analysis software. 

TERMINOLOGY 
Terminology for general anatomical descriptions, 
including glands, stomatal complex types and cell 

types were based on Esau (1953) and Gifford and 

Foster (1989). Myrtaceae-specific terminology was 

based on previous work on this family (Schmid, 1980, 

1984; Keating, 1984; Cardoso et al., 2009; Soh & 

Parnell, 2011 and da Silva et al., 2012). 

RESULTS 
GROSS MORPHOLOGY OF LEAVES 
The leaves of S. floribundum are simple, opposite, 

lanceolate-elliptical in shape. The apex is acuminate 

and the base attenuate. Both surfaces are punctuated. 

Leaves have numerous secondary and tertiary reticulate 

veins. Venation is pinnate and weakly to strongly 
brochidodromus. Intramarginal veins are visible on 

both adaxial and abaxial surfaces (FIG. 3 A). 

CUTICLE, EPIDERMAL CELLSAND STOMATA 
The adaxial cuticle is thicker than the abaxial cuticle. 

The cuticle contains polyphenols as _ indicated 

by bluish-green staining with TBO. Epicuticular 

FIG. 3. Light (LM) and scanning electron micrographs (SEM) of leaves of S. floribundum. A, Leaf clearing showing reticulate 

tertiary venation. B, SEM micrograph showing distribution of stomata on the leaf surface. C, SEM micrograph showing detail 

of cyclo-staurocytic stomata and surrounding epidermal cells. D, SEM micrograph of secretory cavity on the abaxial surface 

showing overlying cell (arrow) surrounded by 6-8 elongated cells. Scale bars = 500 um in A, 20 um in C. 
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waxes are mainly granules and flakes and randomly 

distributed on the surface (FIG. 3 B). 

Adaxial and abaxial epidermal cells are small, 

compressed, plano-convex and mainly isodiametric. 
Adaxial epidermal cells are rounded and have 
straight cell walls, while abaxial epidermal cells are 
irregularly rounded and the anticlinal cell walls are 
strongly sinuous (FIG. 3 C). 

Stomatal complexes are cyclo-staurocytic and 

randomly distributed on the abaxial surface of the 
leaf (Fig. 3 B), but also can occur in groups above 

midrib. Guard cells are kidney-shaped and the pore 

between them is narrow at the equatorial region. 
Stomata are circular to elliptical and are located at 

the same level of the epidermal cells. The length of 
the guard cells is 8-13 mm long. 

MIDRIB 
The midrib of S. floribundum is a mixture of closed 
and complex open, with two or more vascular bundles 
packed in the centre of the leaf (FIG. 4 A, B). The 

leaf blade is impressed on the adaxial surface above 
the midrib. The bundle sheath extension is composed 

of rounded-polygonal cells and is clearly developed, 

particularly on the abaxial side (FIG. 4 A). The midrib 

is arc-shaped with a deep curvature. The abaxial 
side is convex and the adaxial is slightly concave to 

straight (FIG. 4 B). Fibres are continuous around the 

midrib. Xylem vessels of the midrib show scalariform 
perforation plates and helical wall thickenings. This 

species has internal phloem, with a well-developed 

adaxial phloem partition. Incurved margins of the 

phloem are poorly developed. Phloem sieve tubes and 
companion cells have thin primary cell walls. Phloem 
fibres have evident and thick secondary cell walls. 

MESOPHYLL 
The mesophyll is dorsiventral and is formed by 
a 1-2 layered palisade parenchyma and a spongy 

parenchyma with abundant intercellular spaces. The 
palisade parenchyma layer is somewhat loose and 
composed of rectangular, attenuated and vertical 

cells. These cells possess thin primary cell walls 
and numerous chloroplasts. The spongy parenchyma 

is composed of irregular shaped cells (rounded to 

star-shaped). Both palisade and spongy parenchyma 

contain mucilage (FIG 4 C). Subepidermal idioblasts 

with rhombus-shaped calcium oxalate crystals occur 

throughout the palisade parenchyma (FIG. 4 D). 

Secretory cavities are present on both sides of the 

leaf, are abundant throughout the mesophyll and have 

variable dimensions (62 + 25 mm of diameter). They 

are composed of large spaces surrounded by a sheath 

of peripheral epithelial cells. These cells are almost 
completely disintegrated in mature leaves (FIG. 4 E). 
In paradermal view, secretory cavities are observed as 
one overlying cell surrounded for 6-8 elongated cells. 
There are no stomata in the vicinity of the secretory 

cavities (FIG. 3 D). 

DISCUSSION 
Syzygium floribundum shares a number of anatomical 
and micromorphological characters with other 
Myrtaceae. Some of these features include the 
presence of calcium oxalate crystals, internal phloem 

and schizogenous secretory cavities. Anatomical 

characters described here largely agree with Keating 
(1984) and Soh & Parnell (2011) for Syzygium/ 

Waterhousea. Nonetheless, the combination of some 

features such as cyclo-staurocytic stomata, rhombus- 

shaped crystals, midrib with a well-developed adaxial 
phloem partition and poorly developed incurved 

margins of the phloem are not found in other species 
of the genus. 

Calcium oxalate crystals have been reported in 

practically all the Myrtaceae studied (Cardoso et 
al., 2009; Gomes et al., 2009; Soh & Parnell, 2011). 

However, rhombus-shaped calcium oxalate crystals as 

those found in this study have been reported in a few 

Myrtaceae, mainly some species of Syzygium (Soh & 

Parnell, 2011). The function of these crystals is not 

completely clear, but has been related to the regulation 

of calcium and other minerals (Volk et al., 2002), as 

well as protection against herbivores and pathogens 

(Franceschi & Nakata, 2005; Korth et al., 2006). 

Internal phloem was found in all vascular bundles 
of leaves, either as continuous tissue or as different 

degrees of adaxial phloem partition. This feature 

is regarded as a typical anatomical character in 

the order Myrtales (Takhtajan, 1980; Cronquist. 

1981) and is widely present in Myrtaceae (Schmid, 

1980; Cardoso et al., 2009). Further investigation is 

needed to determine whether the internal phloem is 
derived from the procambium, or from mesophyll 
cells (ground tissue). This developmental difference 

is regarded as a potentially informative taxonomic 

character (Patil et al., 2009). 

Secretory cavities follow the typical schizogenous 

pattern commonly observed in Myrtaceae (Alves et 



MICROMORPHOLOGY AND ANATOMY OF LEAVES OF SYZYGIUM FLORIBUNDUM A9 

(MYRTACEAE: SYZYGIEAE), A RAINFOREST TREE ENDEMIC TO EASTERN AUSTRALIA 

Foie BABAROE SA jessee 
ath ear aHeK ERA 

Seo RAG 
Ue LE ba 

oa ee 
; o> | 
Le 

FIG. 4. Transverse light micrographs (LM) of leaves of S. floribundum. A, General view of the anatomy of the leaf blade 

showing slight depression above the midrib. B, Detail of the midrib showing xylem (stained green-blue), phloem (pink) and 

fibres (purple). C, Dorsiventral mesophyll showing palisade and spongy parenchyma. D, Detail of the mesophyll containing 

subepidermal idioblasts with rhombus-shaped calcium oxalate crystals. E, Secretory cavity composed of a large space surrounded 

by epithelial cells. cr- calcium oxalate crystals, fi- fibres, ph- phloem, pp- palisade parenchyma, sc- secretory cavities, sp- spongy 

parenchyma, xy- xylem. Scale bars = 100 um 
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al., 2008; Donato & Morretes, 2009; Gomes et al., 

2009). The schizogenous pattern can be identified by 

the presence of elongated epithelial cells surrounding 

the secretory space in mature leaves (Cicarelli et 

al. 2008). Other patterns identified in Myrtaceae 

include schizolysigenous secretory cavities (a mixture 

of schizogenous and lysigenous, the latter due to 

disintegration of cells) in Myrtus communis (Cicarelli 

et al. 2008). Secretory cavities are the structures 

referred by Hyland (1983) as oil dots on the surface 
of the leaves, which are regarded as very numerous. 

Volatile oils secreted by these structures in Myrtaceae, 

have been identified as flavonoids (Wollenweber et al., 

2000) and terpenoids (Tanaka et al., 1996; Lee, 1998; 

Judd et al., 1999). Chemical compounds produced by 

secretory cavities were not characterized in this study. 

Leaf anatomical characters are generally regarded as 

homoplaseous in the genus Syzygium. However some 

have been shown to be useful for species identification, 

such as shape of the midrib, type of crystals and 

stomatal complexes (Soh & Parnell, 2011). Anatomical 

characters described here are similar to those described 
by Soh and Parnell (2011) in the subgenus Acmena 

(DC.) Craven & Biffin, where the species previously 

treated as Waterhousea are included. In ecological 
terms, a thin cuticle, a loose palisade parenchyma and 

superficial stomata suggest a mesophytic anatomy of the 

leaves (Esau, 1959). This assumption matches with the 
common habitats of S. floribundum, which are mainly 
rainforests, creeks and other riparian environments 
(Hyland, 1983; Wilson, 2011). 

In this study, the leaf micromorphology and anatomy 

of Syzygium floribundum has been described for the 
first time. There are anatomical similarities between 

the species and other Myrtaceae taxa, particularly 
in terms of typical characters of the family. Certain 

anatomical characters are coincident with other 
Species previously named as Waterhousea, which 

supports the grouping of these species. Combination 

of anatomical characters is unique for this taxon 
within the genus, which is relevant for identification 
purposes. More anatomical and micromorphological 
studies in the group could enhance the understanding 

of the ecophysiology of species of Myrtaceae 

occurring in Australasian rainforests. 
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FIVE MILLION HECTARES: AN HISTORICAL ACCOUNT OF 

THE EXPANSION OF QUEENSLAND’S NATIONAL PARKS, 1975 — 2000 

SATTLER, P.S. OAM 

INTRODUCTION 
During the period 1975 to 2000, Queensland’s 
national park estate expanded from 1,153,350ha, 

or 0.68% or Queensland, to 6,675,829ha or 3.87%, 

and conservation parks totalled a further 34,804ha. 

Importantly, the representation of biodiversity, based 
on broad vegetation types and regional ecosystems, 

increased from 32% to 69% over this period. 

This historical account traces this expansion of the 

national parks estate through the development of a 

biogeographic and regional (bioregional) approach 

to nature conservation planning and reserve 
selection. It discusses the first implementation of 

a park system for a whole bioregion derived from 

the use of a quantitative planning tool for park 
selection, and the development of the classification 

system for regional ecosystems. It notes some of 

the park acquisitions that reflect the political, 

community and landholder attitudes over this 
period and briefly comments on the trajectory of 
some policy decisions that followed in the 2000s. 

THE 1970S 
In 1975, the Queensland National Parks and Wildlife 

Service (QNPWS) was formed from the amalgamation 

of the National Parks Branch within the Department 
of Forestry and the Fauna Conservation Branch within 

the Department of Primary Industries. Initially, it was 

a semi-autonomous sub-branch of the Department of 
Lands and in the mid 1970s the fledgling QNPWS 

enjoyed political support under the Sir Joh Bjelke- 

Petersen government and bureaucratic support from 
the Department of Lands. Large national parks such as 

Staaten River, Jardine River and Iron Range National 
Parks were established on Cape York Peninsula and 

large properties were purchased for the first time, like 

Mt Moffatt adjoining Carnarvon National Park. 

In the 1970s, mining particularly sand mining, and 

possible oil drilling on the Great Barrier Reef were 

the biggest environmental issues of the day. Major 
controversies over sand mining swept along the New 
South Wales coast from Myall Lakes to Cooloola and 

Fraser Island in Queensland. The battle over Moreton 

Island would follow throughout the 1980s. Sand 

mining tenements also existed along an extensive area 
of the central Queensland coast from Baffle Creek 

north of Bundaberg to Byfield north of Rockhampton. 

To try and advance national park proposals along the 

central Queensland coast, a strategy was developed 

(Sattler, 1979a) to rationalise sand mining and nature 

conservation interests before such conflicts occurred 
with resultant polarisation of views. This work was 
successfully carried out between the new QNPWS 

and the Geological Survey Branch and particularly 
with the assistance of Warwick Willmott, a geologist 

within the Department of Mines. The strategy 

resulted in the surrender of a number of mining 
tenements and the reconfiguration of boundaries to a 

number of proposed parks. 

However, the Department of Lands would have none 

of it as it represented a diminution of the Crown 
land bank and a curtailment of their development 

options: all proposed national parks were vetted 
by them. At that time, as for the previous century, 

the Lands Department saw their role as one of 
settlement and development of the State, rather 

than the emerging role of shaping sustainable land 
management. For example, Wreck Rock, within what 
became Deepwater National Park, was seen by the 
Department of Lands as ‘the last surf beach’ where a 
new town could be established. A similar development 
at Stockyard Point, that is now surrounded by Byfield 
National Park, had proved a disaster with no public 

infrastructure or reliable access. Similarly, Miriam 

Vale Shire Council vehemently opposed new coastal 

parks as it would result in a loss of their potential rate 
base. The fact that these areas represented some of the 

most spectacular locations on the Queensland coast 
for tourism, in conjunction with conservation, was ‘a 

bridge too far’ for the rural councillors. The policy of 
the Bjelke-Petersen government was that the views of 
a local authority took precedence over a State land use 

planning decision when it came to national parks. 

The resultant agreements with mining interests along 

the central Queensland coast, and some well placed 
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publicity by the former national parks Minister, then 

the Mines Minister, the Hon. Ivan J. Gibbs, kept the 

park proposals on ice until a change in government 

occurred in 1989. This change in government then 

facilitated the gazettal of Deepwater National Park, 

Joseph Banks Conservation Park, extensions to 

Eurimbula National Park, Rodds Peninsula National 

Park, Wild Cattle Island Resource Reserve (now 

national park), Curtis Island National Park and 
Byfield National Park. Sand mining did not proceed 

and with today’s tourism interest in the region it 
is unlikely that sand mining will occur and the 
boundaries of some of the parks should be adjusted. 

THE 1980S 
For all of the 1980s, an oppressive attitude to 

expanding national parks prevailed from _ the 
government and their rural constituency. However, 
solid planning work to expand the estate was carried 
out in this period and ‘hard fought’ conservation gains 

were made. 

The Royal Society of Queensland played a significant 

role during this time, especially by providing a vehicle 
to highlight conservation needs for parts of the State 
through a number of targeted symposia. These 

symposia included: ‘Northern Moreton Bay’ (Bailey 

& Stevens, (eds), 1979), ‘The Brigalow Belt of 

Australia’ (Bailey, (ed.), 1984), ‘Focus on Stradbroke’ 

(Coleman, et al., (eds), 1984) and ‘The Mulga Lands’ 

(Sattler, (ed.), 1986). 

The Northern Moreton Bay symposium saw 

published a conservation plan for Bribie Island 
and Pumicestone Passage (Sattler, 1979b). The 

Brigalow Belt of Australia symposium highlighted 

that only 0.5% of the original extent of Brigalow 
(Acacia harpophylla) vegetation was reserved 
in Queensland (Sattler & Webster, 1984) and 

that Brigalow conservation in NSW also ‘was 
extremely poor’ (Pulsford, 1984). The Mulga 

Lands symposium presented a new ‘Computer 

Assisted Reserve Selection’ approach to park 

selection (Bolton, 1986) and the first detailed 

description of the application of this approach to 

the Mulga Lands (Purdie, 1986). 

In 1977, Peter Stanton and Gethin Morgan (Stanton & 

Morgan, 1977) mapped the 13 biogeographic regions 

of Queensland, or ‘natural regions’ as they were then 
known. This work was to become pivotal for future 

planning for nature conservation and park selection. 

In 1983, Matt Bolton and Prof. Ray Specht developed 

a quantitative approach to efficiently select potential 

areas for national parks and presented a trial of this 

technique over part of South West Queensland to 

Dr Graham Saunders, Director of the Queensland 

National Parks and Wildlife Service, and myself. 

After this presentation, I suggested that the analysis 

be rerun for one whole bioregion, the Mulga Lands 

of Queensland. The Mulga Lands is a large semi-arid 
bioregion of over 20 million hectares centred around 
Charleville and contained no national parks and few 

park proposals. This bioregion is characterised by 
Mulga (Acacia aneura) shrublands and includes a 

diverse range of other regional ecosystems. Upon 

completion of the desk top analysis, the identified 

potential sites for parks were ground-truthed by 

Rosemary Purdie, a botanist, and Ross Blick, 

a zoologist. The efficiency of this quantitative 

approach was demonstrated through approximately 
92% of all vegetation communities potentially being 

incorporated in a park system that occupied little 

over 3% of the bioregion. Of course, management 
considerations and existing cadastral boundaries 

would modify the area required. 

Other bioregional and _ subregional surveys 

identifying proposed park systems had previously 
been conducted in Queensland using expert systems, 
e.g., by Prof. Len Webb and Jeff Tracey for the Wet 
Tropics lowlands (Webb, 1966), and by Peter Stanton 

for Cape York Peninsula. 

No national parks existed in the extensive sheep 
grazing areas of the State and park expansion was 
not supported by the government. It was apparent 

that some of the proposed Mulga Lands parks could 

be irreversibly degraded through clearing, e.g., 

Thrushton, one of the few areas of ‘soft’ eastern 

Mulga that remained intact, or from overgrazing, 
e.g., Idalia. A calculated risk was taken to publish 
a small map of the proposed network of parks at 
the Royal Society’s Mulga Lands symposium to at 

least, stake national park interest in the region. The 
angst expressed by landholders was such that a long 

standing, sitting member of Parliament had his pre- 

selection threatened if he supported national parks 

(Galton, undated). 

In 1979-80, the Hon. Ivan J. Gibbs was the Minister 

for National Parks and the local member for Albert. He 

was committed to protecting the islands and waterways 

of southern Moreton Bay within his electorate. This 
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area contains very important marine and terrestrial 

habitat that includes habitat for migratory waders, 
and is the premier Bream (Acanthopagrus australis) 

spawning area of southern Queensland. This area 

however, adjoins the Gold Coast where rapid tourism 
development was then occurring; including the 
construction of large resorts. These numerous islands 

were held under various forms of tenure from special 
leases to freehold tenures as well as areas of vacant 
Crown lands (State lands). 

The Service developed a park’s strategy to protect the 

islands throughout southern Moreton Bay including 
South Stradbroke Island and implementation of this 
strategy would extend over the whole of the 1980s. 

Minister Gibbs had been involved in preparation 

of the Peel Report of 1974 which recommended to 
Parliament that ‘as many islands as possible be retained 

in their natural state’ (Queensland Government, 1970) 

and the new strategy built upon this report to provide 

permanent protection. 

Tourism developers were interested in securing 

development rights over an old, failed canal 

development and disturbed site at Couran, on South 

Stradbroke Island. This commercial interest formed 

part of a strategy advanced for the protection of 

southern Moreton Bay and to break the impasse over 

acquisition of the mulga proposals. 

Minister Gibbs convinced the Premier, Sir Joh 

Byjelke-Petersen, that the islands of southern Moreton 
Bay must be protected. This ultimately involved 

the contested resumption of Coomera Island, 

immediately adjacent to the Sanctuary Cove resort 

and integrated development, and of Woogoompah 

Island. Compensation claims before the Land Court 
against the government were $25 million and $40 
million, respectively. These were the highest national 
park acquisition stakes ever played in Queensland. 
The Land Court rejected the developers’ claims 

and valuations of $540,000 and $900,000, were 

determined. 

The proposal by developers for a_ resort 
development, ‘Port Livistona’ at Couran, included 
the surrender of their extensive freehold titles 
on South Stradbroke Island. To further their 

environmental credentials they acquired two 

of the mulga properties, Thrushton and Idalia, 
and were prepared to financially contribute to 
the acquisition of Currawinya Lakes, arguably 

the most important national park proposal in the 
Mulga Lands. Their initial development proposal 

was too large for Couran and for southern Moreton 

Bay and lengthy negotiations meant that the leases 
were not granted when the 1989 election was 

called. Couran was subsequently developed by 

other commercial interests. 

Expansion of the Sanctuary Cove style of development 

was stopped from encroaching on the southern Moreton 

Bay islands and wetlands. The resorts proposed for 

Coomera Island and Woogoompah Island did not 
proceed, nor did a plan for an international airport 
on Woogoompah Island by Keith Williams, then 

Chairman of the Gold Coast Waterways Authority. 

The western properties were purchased back from 

the developers by the Service and gazetted as 

national parks immediately following the change of 
government in December 1989. Collaborating with 
property developers who were commonly labelled 

as the ‘White Shoe Brigade’ and the surreptitious 
acquisition of mulga properties for parks in this 

conservative rural region could only be described as 

risky business, but it meant that key park proposals 

were saved. The package did however have the 

approval of Sir Robert Sparkes, president of the 

National Party. Shortly after their gazettal, Thrushton 

and Idalia were opened by His Royal Highness Prince 
Philip, as Queensland’s first mulga national parks. 

This episode demonstrated the lengths necessary to 

secure key national parks during the 1980s. Following 
the change in government in 1989, the Mulga Lands 

parks strategy was progressively implemented for 

the whole bioregion and also included: Currawinya 
Lakes National Park; Welford National Park; Tregole 
National Park; Lake Bindegolly National Park; Hell 

Hole Gorge National Park; Culgoa Floodplain National 
Park; and Mariala National Park. Binya National Park 

was subsequently gazetted and is an alternative park 

for the original proposal on the Warrego River Plains. 

This became the first quantitatively derived national 

parks system to be implemented for a whole bioregion. 

Today, Australia is a world leader in the development 
of algorithmic tools for nature conservation planning, 
such as Marxan (Ball et al., 2009). 

In 1985, I presented my presidential address to the Royal 

Society of Queensland, titled ‘Nature Conservation 
in Queensland: Planning the Matrix’ (Sattler, 1986). 
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This address reviewed the growth in extent and 

representativeness of the national park system since 1908, 
when Queensland’s first national park was declared over 

Witches Falls, as well as the representativeness of the 

park system in each bioregion. Drawing upon the results 
of the Mulga Lands strategy, it was proposed that if an 

equally efficient approach was applied State-wide, then 

a representative national park system could be achieved 

if the area of parks was doubled. This would mean the 
acquisition of 3.6 million hectares and national parks 
extending over four percent of Queensland. This extent 

approximated the five percent international guideline for 

reservation that then applied. In this address, I stressed 

that national parks must be considered a ‘legitimate land 
use’, and it is interesting that there was the need to stress 

the point given the politics of the day. 

In the audience that evening was the opposition 

environment spokesman, Pat Comben, MLA. Pat seized 

upon the idea of a fully representative park system and 

subsequently developed the Labor Party’s policy to 

double the national parks estate as the key environment 

policy that they would take to the 1989 election (Comben, 
1999). Following the Fitzgerald enquiry into corruption 

in Queensland, the government changed in 1989 and 

implementation of the policy to double the national park 

estate became a government priority. 

THE 1990S 
The first step of estimating the cost of acquiring 
unknown properties across most of the bioregions of 
Queensland was fraught. Approximately $39 million 

was estimated, but after the experience of the first year 
of the program a further $10million was requested. 
Part of the shortfall was due to valuations by the 

Department of Lands being based on the likely Land 

Court determinations which gave the benefit of doubt 

to the landowner: a policy not contested by the Service 

to encourage amicable settlements. This increase in 

funding was not forthcoming from Treasury and the 

fourth year’s allocation fell to $1 million despite pleas 

from the department to provide the full funding to 

implement the program. After the acquisition phase it 
was proposed that a significant level of funding should 

follow for park management: this also did not occur. 

From 1990 to 1994, rapid expansion of the national parks 
system occurred across most bioregions. Systematic 

surveys were carried out for the Channel Country 
Bioregion using a modified Bolton-Specht approach 

(Young, 1991: Wilson & Mitchell, 1992) and a number 

of key national park proposals identified. Acquisition, 

even with the backing of government policy, was still 
difficult and often bizarre. Many of these acquisitions are 

detailed in my Memorr (Sattler, 2014). 

A case in point was Astrebla Downs which overlapped 

the Mitchell Grass Downs and Channel Country 

bioregions. The proposal centred on one paddock, the 
poorly watered ‘Store Paddock’ on the large Davenport 

Downs cattle station. This proposal included the 

largest colony in Queensland of bilbies (Macrotis 

lagotis), an endangered species. The lessee, a large 

pastoral company, was belligerent against selling part 

of the property and went to the extent of unloading 

cattle on the bilby colony and sinking a bore on the 

proposed park during negotiations. Eventually, an 

adjoining property had to be acquired by the Service 

to exchange for the area that subsequently became 

Astrebla Downs National Park, the largest Mitchell 
Grass (Astrebla spp.) grassland park in Queensland. 

In direct contrast was the acquisition of Diamantina 

Lakes from Mrs Janet Holmes a Court. Mrs Holmes 

a Court graciously accepted that one of her properties 

“was considered worthy to be of National Park value” 

and its sale was negotiated with her staff. However, 

Mrs Holmes a Court was roundly criticised publically 
and in Parliament (Courier Mail, 1993): 

‘Australia’s richest woman Janet Holmes a Court 

had committed an “almost criminal act” by selling 
the 470,000ha Diamantina Lakes cattle station 

... to the State Government, Parliament was told 

yesterday. Mark Stoneman (NP Burdekin) said 

Mrs Holmes a Court was an “absolute disgrace 

to the pastoral industry of this nation.” (She sold 

it) for $3.5 million earlier this year for use as an 

environmental park.’ 

‘Mrs Holmes a Court said “the property contained 

every type of channel country habitat worth 
99 9 preserving — criteria vital for species diversity”. 

‘Mr Stoneman said that “in the name of 

conservation and biodiversity the bureaucrats 

were taking over management (and _ these 

properties will) become places where dingoes 
and vermin will abound”. Winton Shire Chairman 

Eric Lenton supported Mr Stoneman’s comments, 

saying “Diamantina Lakes used to produce 4000- 
5000 bullocks annually. The Government bought 
another station called Blagensburgh (sic), ... 19km 

south of Winton in the last couple of months... 
999 

That is more lost revenue for this district’. 
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Turning to the coast, a major acquisition program 

during the 1990s was the Sugar Coast Environmental 

Rescue Package (SCERP). This was a $16 million 
joint (1:1) Commonwealth and State program with 
75% of the funding directed to protecting habitat for 

the endangered Mahogany Glider (Petaurus gracilis), 
and 25% to the protection of other endangered 
ecosystems and species on the coastal lowlands. Areas 

acquired included, forest habitat for the Mahogany 
Glider, endangered rain forests on the Wet Tropics 
lowlands and the disappearing wallum heathlands 

on the Sunshine Coast adjoining Mooloolah River 
National Park. This program also funded two staff to 

work closely with the sugar cane industry to promote 

ecologically sustainable management. 

Albinia, near Rolleston, was the most significant 

national park proposal to be acquired in the late 
1990s and occurs on the basalt downs of the central 
highlands. This property contains an extensive area 

of approximately 10,000 hectares of endangered Blue 
Grass (Dichanthium sericeum) grassland. This type 

of grassland that once also occurred on the Darling 
Downs has been reduced there to less than 0.5% of its 

natural extent. Albinia also includes King Blue grass 

(Dichanthium queenslandicum), which has disappeared 

from more intensively used areas. With less than three 

weeks to public auction of the property, approximately 
$2 million was raised between the Commonwealth 
and State governments to successfully secure the area. 

This reflected the good working relationship that had 

developed with the Commonwealth Natural Reserve 
System Co-operative Program and their Minister, the 

Hon. Robert Hill. 

In regions where comprehensive mapping, such as land 

systems or of vegetation, did not exist for quantitative 

tools to be applied, a new classification system was 

developed for the rapid assessment of national park 

proposals and for determining nature conservation 

priorities in a bioregional context. This classification 
system was developed by Gethin Morgan based on 

his work in the late 1980s (Morgan & Terrey, 1990). 

It involved the identification of regional ecosystems; 

a more robust classification system than merely 
considering vegetation patterns and one that inherently 

considered landscape processes. A large number 

of staff from the Department of Environment and 
Heritage, including the Queensland Herbarium, then 

contributed to the development of this classification 

system and its application to each bioregion (Sattler 

& Williams, 1999). 

This approach defined 1,085 bioregional ecosystems 
across all bioregions based on: 

¢ the bioregion; 

* the geomorphic category or land zone that 
the ecosystem falls within (e.g., all regional 
ecosystems occurring on basalts are grouped); and 

¢ the dominant vegetation. 

Conservation status was determined from _ the 
remaining extent of regional ecosystems in the 

bioregion against pre-European extent, together 

with their condition and the presence of threatening 
processes. Conservation status was defined as: 

¢ endangered, less than 10% of pre-European extent 

remains in an intact condition; 

* of concern (vulnerable), 10% — 30% remains intact; 

* not of concern, over 30% remains intact. 

Criteria for rare and naturally restricted regional 

ecosystems were also developed. Reservation status 

was determined in relation to the extent of regional 
ecosystems within existing parks. Special ecological 

values were identified and included the occurrence 
of known rare and threatened flora and fauna species 

associated with regional ecosystems. Of the 1,085 

ecosystems identified across the 13 bioregions of 
Queensland, 107 or 10% were classified as ‘endangered’ 

and 243 or 22% were classified as ‘of concern’. 

The comprehensive identification of unmapped 

ecosystems from expert advice for each bioregion, 

together with the identification of their conservation 

status and reservation status, provided a systematic 
basis to identify and prioritise national park proposals. 

At the time of the release of “The Conservation Status 

of Queensland’s Bioregional Ecosystems’ (Sattler & 

Williams, 1999), this technical document was considered 

by the new departmental hierarchy to be a negative 

political document. This political interpretation and 

sensitivity was in direct contrast to the full and frank 

advice proffered by the Public Service previously. 
Since then, the classification and assessment of regional 
ecosystems has formed the primary basis for vegetation 

mapping across all of Queensland and for nature 
conservation planning and natural resource management. 

EXTENSION OF THE QUEENSLAND 
APPROACH NATIONALLY 

In October 1991, it was proposed at the symposium 
on ‘Conservation in Australia and Oceania’ at the 
University of Queensland (Moritz and Kikkawa, 
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(eds), 1993) that the Queensland biogeographic 

approach be adopted nationwide as a basis for 

strategic conservation planning. Up until this time 
the Commonwealth Department of Environment was 

promoting a classification of environmental regions 

based on broad environmental parameters proposed 
by the Environmental Resources Information 

Network (ERIN), however this classification did not 

properly reflect patterns of biota. This symposium 

recommended that: ‘A biogeographic framework be 

established for Australia by the Australian National 

Parks and Wildlife Service (ANPWS) in conjunction 

with the States to identify rapidly the major gaps in the 
reserve system...’ (McKenzie & Sattler, 1993). 

In October 1992, the House of Representatives 

Standing Committee on Environment, Recreation 
and the Arts (HORSCERA), a joint Commonwealth 

Parliamentary Enquiry, took evidence on: Biodiversity 
— the Role of Protected Areas (HORSCERA, 1993). 

The report of this bipartisan committee was a key 

turning point in the elevation of the Commonwealth 
Government’s interest in the national reserve system, 

the recognition of the importance of working with 
State Governments through providing funding 

incentives to expand the park system, and the need 

to take a biogeographic approach to develop a fully 

representative park system nationally. 

Participants agreed with Queensland’s evidence that: 
‘..A bioregional approach is fundamental to 

conservation planning. 
‘...The next step will be environmental audits 

of each region to develop regional conservation 

strategies. This will enable integration of an 
expanding park system with ecologically 

sustainable development measures.’ 

And that: ‘...Given that the States and Territories 

will continue to shoulder substantial ongoing 
management responsibilities for the parks, . . 
. that such funding should be at least on a 2:1, 

Commonwealth-State, basis for land acquisition.’ 

These actions contributed to subsequent 

Commonwealth funding on a 2:1 basis, to secure key 

national park proposals, viz., Cudmore National Park, 

Albinia National Park and subsequently, Humboldt 

National Park. 

THE 2000S: SOME DIRECTIONS 
In 2006, World Wildlife Fund—Australia prepared 

an extensive review of the National Reserve System 

titled “Building Nature’s Safety Net — A Review 

of Australia’s Terrestrial Protected Area System, 

1991 — 2004’ (Sattler and Glanznig, 2006). This 

report reviewed the comprehensiveness, extent, and 

management standard for the protected area system in 

each State and Territory and published a report card. 

By 2004, Australia’s protected area system (strictly 

protected IUCN Categories I-IV) grew to 7.26% and in 

Queensland to 4.13%: this finally achieved the original 
promise in 1989 to double the national park estate. 

Ten outstanding protected areas that were established 

by all jurisdictions and non-government organisations 

over the previous decade were acknowledged. In 

Queensland, the Diamantina and Astrebla National 

Parks aggregation was recognised as the top protected 
area established in this period. A description of each 
Australian bioregion and its priority for expanding the 
protected area estate was provided by building on and 

enhancing the National Land and Water Resources 
Audit’s ‘Terrestrial Biodiversity Assessment’ data 

(Sattler & Creighton, 2002). This was the first of 

four such reviews of the National Reserve System by 

World Wildlife Fund—Australia. 

The second review of the National Reserve System, 

‘Building Nature’s Safety Net 2008’, was carried 
out by World Wildlife Fund—Australia for the period 
2004-2006, (Sattler & Taylor, 2008). This review 

showed that significant growth in the National Reserve 
System (IUCN Categories I-IV) was occurring with 

the estate growing to 8.3% of Australia’s land area, 

but growth was very uneven amongst jurisdictions 

and bioregions. At the time, Western Australia and 

Tasmania were the top ranking jurisdictions for 
expansion of the National Reserve System, whilst 
over the whole decade NSW made significant funding 
available for acquisitions in high priority, western 
bioregions. By 2006, Queensland’s national park 

system had grown to 4.8%. 

It was recommended: 

‘The Australian Government should as a first step, 

invest at least $250 million over 5 years to make 
significant progress towards . . . comprehensiveness 

and endangered species targets for the National 

Reserve System. Grants should be disbursed for up 
to two thirds acquisition and establishment costs . . .’ 

This report was strongly advocated by 

World Wildlife Fund—Australia, the IUCN 

World Commission on Protected Areas, the 
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Commonwealth National Reserve System Co- 

operative Program and by others. This advocacy 

was successful, with the Commonwealth 

government subsequently making $180 million 

available for the National Reserve System and $50 
million for the Indigenous Protected Areas (IPAs). 

Unfortunately, Queensland did not fully avail itself 
of this funding. Over the next few years, Queensland 
would slip to having equal lowest percentage area 

under strictly protected areas (IUCN Categories I-IV) 

with the Northern Territory, and having the greatest 

gap in adequacy measures for representativeness of 

any jurisdiction in Australia (Taylor et al., 2011). 

It can be argued that the goals of developing a 
representative national parks system was diverted in 

the 2000s with the preoccupation of government for 

converting all State Forest lands to protected area 
tenures. This was in lieu of selecting those State 

Forest lands that met the goals of complementarity 
so that only those poorly represented forest regional 

ecosystems were added to the park estate. The 

remaining State Forests could then have been placed 
under strict codes of practice for selective logging and 
sustainable management. This would have freed the 

conservation dollar to secure bioregional priorities and 
allowed remaining State Forests to meet multiple use 

objectives. Additionally, the diversion of conservation 

investment to rehabilitating degraded rain forest 
lands in South East Queensland further prevented 

the consolidation of a representative national parks 
system. Unfortunately, conservation priorities were 

being increasingly based on green politics rather than 

scientific considerations. 

ANNUAL EXPANSION OF THE AREA 
OF NATIONAL PARKS, EXPENDITURE, 
AND PROGRESSIVE INCREASE IN 

REPRESENTATIVENESS 
Table 1 provides a summary of the area gazetted 

national park and environmental park, and expenditure 

on purchases or known allocations per year from 
1975-2000. 

For the financial years 1975-76 to 1999-2000, over 

$65 million from both State and Commonwealth 
funding was spent on land acquisition to secure 
biogeographic priorities and threatened ecosystems 
and species. As well as lands purchased, vacant 
Crown lands, surrendered parts of leasehold 

properties and the conversion of other park tenures 

are included in the total area acquired as national 
park. Payments for State Forest lands (Cooloola), 
to secure the relinquishment of mining leases (e.g., 
Moreton Island) and other Cape York Peninsula 

acquisitions are not included. Expenditure in one 
year does not necessarily mean that gazettal of 

the park occurred in that year. For those years, 

where actual expenditure is uncertain, the known 

allocations of new funds are shown in Table 1. 

The increasing representation of Queensland’s 
ecosystems, the primary basis for reserve 

selection, is shown in Table 2 at approximately 

decadal intervals. These percentages are 
indicative only, as representativeness is based on 

various data available at the time, as described in 

the footnotes to Table 2. 

FOUR DECADES: HIGHLIGHTS 
Over the four decades referred to here, it is 

highlighted that: 

* the 1970s were significant for the formulation 

of the Queensland National Parks and Wildlife 

Service and for a major expansion in the area 
of the estate with the conversion of large areas 

of leasehold lands and the first purchase of 

large properties for national parks; 
* the 1980s was an era when national parks 

and nature conservation more generally was 

politically suppressed, though much solid 
planning work was carried out unobtrusively 
by the public service to develop park proposals, 

including the use of new quantitative planning 

tools. Some notable conservation achievements 

were made, especially in coastal areas. 

* the 1990s were the halcyon days in the 

expansion and development towards a 
representative national parks system. The 

first comprehensive state-wide description of 
Queensland’s regional ecosystems provided a 

basis for selecting parks, particularly where 
limited information existed, and for natural 

resource management. 
¢ The 2000s was an era of missed opportunity 

to significantly expand the national park 

system on a biogeographic basis. This era saw 

conservation priorities increasing influenced 

by State government responding to the lobbying 
of special interest groups. Much energy was 

expended on ephemeral conservation activities 
rather than building more permanent protection 

through a consolidated national park system. 
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TABLE 1. Area gazetted national park and environmental park and expenditure on purchases or known allocations, 

per year, 1975 — 2000. 

Year 

1975 — 76 

1976—77 

1977 — 78 

1978 — 79 

1979 — 80 

1980-81 

1981 — 82 

1982 — 83 

1983 — 84 

1984 — 85 

1985 — 86 

1986 — 87 

1987 — 88 

1988 — 89 

1989 — 90 

1990-91 

1991 —92 

1992 — 93 

1993 — 94 

1994 — 95 

1995 — 96 

1996 — 97 

1997 — 98 

1998 — 99 

1999 — 00 
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* Includes vacant Crown lands, surrendered parts of leasehold properties and lands purchased. 

** Yearly expenditure figures in Departmental Annual Reports, from about 1994-95 onward, appear unreliable and may 

include unspent funds that were carried forward and shown as expenditure again: this could result in double counting, 

known allocations are provided instead. 

FUTURE PRIORITIES FOR CONSOLIDATING 
QUEENSLAND’S NATIONAL PARKS SYSTEM 

Much remains to be done to develop a fully 
representative national parks system, and to manage 

for a range of threatening processes including exotic 

weed and pest invasion, changed fire regimes and to 

build resilience to climate change. 

In Queensland, the rangelands, including semi-arid 

woodlands, wetlands and grasslands, the coastal 

wetlands, especially around the Gulf of Carpentaria, and 

refugial areas are priorities for future park expansion. 

For me personally, it was immensely satisfying to 

have been involved at a unique point in history when 
Queensland’s national parks expanded by over 5.5 

million hectares, and to have directly experienced the 

rapid growth in environmental awareness. Our park 
system is the cornerstone of nature conservation, 

it contributes significantly to the maintenance of 



FIVE MILLION HECTARES: AN HISTORICAL ACCOUNT OF 61 

THE EXPANSION OF QUEENSLAND’S NATIONAL PARKS, 1975 — 2000 

TABLE 2. Growth in the area and representativeness of Queensland’s national park estate, 1975 — 2000. 

o . 

Year Area (million ha) % of Queensland ZO RED FESEMALION OE 
biodiversity 

* Weighted estimate from an analysis of 218 major vegetation types (Sattler, 1986). 

** Based on 775 regional ecosystems recognised at that time across Queensland. 

*** Based on 1,085 regional ecosystems (Sattler and Williams, 1999). 

ecosystem services, underpins our tourism industry, 

and protects much of the cultural identity for both 
black and white Australians. 
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A PILOT STEWARDSHIP SCHEME IN THE PASTORAL MULGA LANDS 

EDWARDS, G. 

INTRODUCTION 
In a prescient paper in 1994, Professor John Holmes 

predicted that extensive pastoralism in the arid 

and semi-arid unimproved rangelands of northern 
Australia would progressively be superseded by 

other land uses yielding a higher economic or societal 
return. His forecast is currently being fulfilled, 

as property after property falls into the hands of 

proprietors whose primary interest is conservation, 

mining or indigenous’ culture. Considering 
conservation alone, a single non-profit organisation, 
the Australian Bush Heritage Fund, now holds tenure 

over Carnarvon Station (2001 — 59,000 ha) in central 

Queensland, Cravens Peak (2005 — 233,000 ha) 

and Ethabuka (2004 — 215,500 ha) in the far west 

Simpson Desert and environs and Yourka (2007 — 

43,500 ha) in the far north-east. 

Yet pastoralism remains the pre-eminent land-use and 
properties held by mining or indigenous interests are 
commonly still grazed. Pastoralism legitimises occupation 
of the land and is the primary reason for establishment of 

the townships and infrastructure that also service other 
activities. Pastoralism is deeply embedded in the culture 

of the “outback” and the presumption that pastoralism 

will continue to be the primary economic driver frames 

policy debate in Queensland and nationally. 

However, grazing in the low-fertility rangelands is 

marginally economic and has been for some decades. 

Return on capital, even in good years, hovers little 

above zero, debt loads remain high and prices received 

for commodities are not improving in line with 
inflation of costs. Given that most pastoral enterprises 

are operated by private family or commercial entities, 
a major dilemma for policy is whether pastoral 
occupation should be subsidised by the general 

community and if so, by what instrument. 

This short communication describes an attempt 

by South West NRM Ltd, a community-based 

organisation based at Charleville, to offer financial 

incentives to improve the condition of a pilot selection 
of properties in the mulga lands of south-western 
Queensland, in 2008. 

CONTEXT 
TERMS, DEFINITIONS AND CONCEPTS 
The rangelands of Queensland are the broadacre 
properties consisting of largely unimproved native 
pastures, commonly of low fertility or low and 

erratic rainfall or both. They are commonly State 

land held under term or perpetual lease for grazing 
purposes. The predominant land-use is grazing by 

domestic sheep or cattle. 

South West NRM Ltd is a company limited by 

guarantee with a board elected by the local community, 

established initially in 1997 to deliver Queensland 

and Commonwealth Government programs such as 

Landcare and the now-superseded Natural Heritage 

Trust. It is one of a network of 14 catchment-based 
natural resource management (NRM) bodies in 

Queensland, none of which (except the Torres Strait 

Regional Authority) has any statutory or rating 
powers. South West NRM covers approximately 11% 

of the State’s surface area. 

The mulga lands is a shorthand term for the region, 

where the predominant woody species is grey- 

foliaged mulga (Acacia aneura), although there are 

many other vegetation types, notably along the three 

major rivers the Bulloo, the Paroo and the Warrego. 
Mulga tends to dominate where biomass of grass, 
through grazing by domestic stock and kangaroos, 
is too sparse to support periodic fires. Unlike 

most of the sclerophyllous trees and shrubs in the 

Queensland rangelands, mulga is palatable. This is a 

lifesaver for graziers caught in a short drought, as the 

leaves can serve as survival rations for the breeding 
herd. However, in an extended drought that persists 

long after the grass foliage has gone, the pastoralist 

is trapped into relying on the mulga, well after the 
animals should have been dispatched. 

ECONOMIC AND BIOPHYSICAL CONTEXT 
Concern about pasture condition in the region is 
not new. In 1901 a Royal Commission investigated 
reports of degradation in the comparable 

Mulga Lands of western New South Wales. The 
enquiry heard evidence of drought, overgrazing, 
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pastoralists’ distress and economic unviability: a 
litany of ills that could apply today, even more so, 

with only the dates changed. 

One hundred and fifty years of European-style 

grazing have underpinned the development of the 
region, contributing to the State’s prosperity. Primary 

industry, particularly pastoralism, remains the major 
driver of economic activity, but the farming practices 

have adversely affected the natural resources that 

underpin the agricultural base. Systemic change is 

required to break the gradual cycle of resource decline 

and degradation. The severity of the long drought in 
the early 2000s brought this dilemma into focus. 

The science and practice of land management in the 
region was comprehensively covered in the 1984 

symposium hosted by the Society (Sattler 1986). 

There has been extensive research over decades by 

the Commonwealth Scientific and Industrial Research 

Organisation (CSIRO) and scientists employed by 

the State department of agriculture at the Charleville 

Pastoral Laboratory. 

It is now widely understood in scientific circles 

but not widely admitted in policy circles that 
conventional pastoralism is not well adjusted to the 
capacity of the landscape in the region to sustain 

production. Further, such financial statistics as are 

available suggest that, even before counting drought 
subsidy and other special welfare payments, there is 
a net subsidy from the community to the pastoral 
industry: in other words, the industry is not paying 
its way, even in financial terms. 

Pastoralists now compete in a globalised economy 

without many of the tools that would help them to 
do so. Their costs, set in Australian dollars, rise in 

accordance with domestic economic forces outside 
their control, while the prices they receive are set 

in corrupted international markets trading in US 
dollars. Evidence is that they are ageing and their 
number declining. They lack many of the services 
available to the urban population or even other 

farming communities found closer to these centres. 
Land prices are high relative to the capacity for the 

land to service interest-bearing debt. The size of 

the average property needed to sustain the basic 

family unit has been rising and it 1s well recognised 

that a large number of pastoralist properties no 
longer have sufficient land to accommodate the 
ebbs and flows of seasons. 

Most of these factors are not unique to Queensland’s 

mulga lands. The extended drought of the 2000s, for 
example, affected half of Australia. Some factors, 
however, are distinctive. Queensland’s mulga lands 

are inherently of low productivity, and the ability of the 

natural resource base to sustain broad acre pastoralism 
is marginal. In the past the level of agricultural 
productivity in the region has been over-estimated, 
buoyed by reliance on the palatability of mulga foliage 

as “drought rations”. When good seasons occur, for 

financial reasons pastoralists are commonly obliged to 

restock their properties at traditional stocking rates in 

order to service their debts. 

Grazier Alan Lauder, formerly of “Woodstock”, 

Cunnamulla, demonstrated by practice and 

observation that grasses in the region require some 
four to six weeks free of grazing pressure after rain 
to allow the flow of labile (short-term) carbon to 

build biomass above and below ground level. Yet 

this is precisely the time when graziers are under 
most pressure to put stock back on to improve their 

condition and relieve financial pressures. In the late 

1990s a Drought Regional Initiative research project 
was conducted in the region to perfect the use of 

plantations of old man saltbush as somewhere to put 
livestock in the short period after rain to allow the 

pastures to recover. This approach addressed both the 

need for producers to retain livestock on the property 

for cash flow as well as meeting the requirements 

of the broader community for the landscape to be 

maintained in a healthy and productive state. At a 

policy level, this approach has not been supported 

with any funding to help establish plantations because 
the private benefit is considered greater than the 
public benefit. If the reduction in drought subsidies 
as a result of establishing saltbush plantations were 

to be taken into consideration, then the balance 

between public benefit and private benefit may alter. 

The public benefit of keeping livestock off pastures 

following rain to protect the resource base and 

improve water quality may well greatly exceed the 

cost to budgets if a true environmental accounting 
method were to be adopted. Lauder’s insights are 
explained in another article in this volume. 

Authentic statistics on the levels of profitability of 
enterprises are difficult to obtain, partly for reasons 

of privacy and partly because many properties are 

not run as stand-alone entities but are operated in 
conjunction with other businesses or with other 

members of extended families. Confidential anecdotal 
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evidence from a financial planner familiar with the 
region was that by 2007, 85% of properties in the 
region were marginally profitable and that only 5% 
of the properties with which he was familiar were in 

a favourable financial position. Parents 70 to 80 years 
old were running properties because the children 

could not afford to take over. 

During the 2000s, the concept of “market-based 
instruments” as a method of achieving environmental 

or natural resource management (NRM) objectives 

became fashionable in economic and policy circles. 

The seminal initiative in this field was the BushTender 
project run by the Department of Primary Industries, 
Victoria (Stoneham et al 2003). 

INSTITUTIONAL CONTEXT 
The charter of South West NRM requires it to consider 

innovative ways to foster sustainable land management 

in the region. In preparing for a new regional plan to 

prioritise Australian and State Government investment 
during the period from July 2008 to June 2013, the 

company devoted considerable thought to crafting 

strategies to transition the management of the mulga 
lands to sustainability, beyond its traditional grant 

programs to graziers such as for weed control and 

remediation of erosion. 

A particular concern was to ensure that any grant 

programs did not fall foul of either the public interest 
obstacle to arrogating taxpayers’ funds to subsidise 

private commercial businesses; or to the nation’s 
obligations under the protocols of the World Trade 
Organisation not to pay production subsidies. 

Another concern was the prospect of being able 

to demonstrate measurable improvement in the 

condition of the land in order to satisfy contemporary 
expectations of program evaluation. This concern was 

brought into sharp relief by the release in February 

2008 of a report by the Australian National Audit 
Office (ANAO 2008) critical of the inability of 

recipients of funds for natural resource management 
programs such as Landcare to demonstrate lasting 

improvement to the condition of lands subject of 
government investment. 

MATERIALS AND METHODS 
South West NRM Ltd decided in late 2007 to 

introduce a “Pasture Recovery” scheme on a 

pilot basis. The company invited landholders to 

bid competitively for the provision of ecological 

services, which would include carbon storage, 

clean water, wildlife habitat, erosion control, pest 

animal control and weed control. Such a scheme was 

thought to be a valid use of public funds given the 

public goods that would be produced. The scheme 

was structured to pay a sample of pastoralists a 

steady income to produce fresh air and water as an 

alternative to growing agricultural commodities. 

South West NRM Ltd elected to employ this method as it 

was administratively simple, did not require landholders 

to reveal their personal financial information, and was 

thought to represent good value for public money. As 

far as the company was aware, this was the first use 

in Queensland of a market-based initiative that aimed 

to improve landscape health by paying landholders to 

spell their pastures and control pest animals. 

The company reserved $250,000 of discretionary 

funds to launch the scheme on a pilot basis. The 

number of properties which could be offered relief 

with this amount of money of course could only 
be modest compared with the 187,000 km? within 

the region, but the contribution it could make to 
regeneration and seeding of grasses, if the sites were 

selected strategically, need not be negligible. 

Expressed in other words, the scheme was intended 

to allow a sample of graziers to become producers 

of ecosystem services rather than just farmers of 
domestic stock. 

The scheme is explained in detail in the attached 
documents issued by the company: 

Advertisement: Be paid to spell your country! 

Media release 
Explanatory leaflet: Be paid to spell your country 

RESULTS 
The purpose of the pilot was to test a tender-based 
process for evaluating the suitability of properties 

for stewardship-type payments. No illusions were 

held that the scheme would result in permanent 
improvements to the condition of the country. There 
are too many variables, notably climate, weather, the 

natural cycles of growth of the signature species (some 

of which have periods of decades) and the numbers 

of kangaroos which migrate long distances following 

rain, to mention only a few. Entirely worthwhile 
rehabilitation can be swamped by factors outside the 

control of the company or the landholder. 
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Some 123 expressions of interest were received, 
and from all quarters of the region. Some 600 
addresses are recorded in Australia Post’s rural 
mailing list for the region. 

After the initial reviews had taken place and 

ineligible applicants removed, 89 sets of tender 
documents were posted. 

At the close of tenders on the 14th December, 34 

submissions had been received covering 330,826 
ha or about two percent of the region. The tenders 
fell loosely into two groups, those with a low price 

per hectare (average about $4) and those with a 

substantially higher price (average $13.50 per hectare 

— more than three times as much). The most likely 

explanation for this surprising differential is that some 
graziers bid just enough to cover their net outgoings, 

while others calculated on the basis of commercial 
rates for agistment. This result tends to confirm the 

merit of a tender-based scheme in terms of public 

financing, as it takes advantage of the leanness of 
many grazing enterprises. It also hints that some of 
the stations are operated on a maintenance only basis. 

The periods of leases sought were from one year to 

five years. That some graziers sought long periods 

signposts their low expectations of a likely imminent 

return to commercial profitability. 

Given that there had been little preparatory 

personal forewarning of graziers about the scheme, 
the level of interest expressed was considered high. 
Also, the fact that tenderers were comfortable with 

allowing officers of the company to enter their 

stations to record pasture and soil conditions was 

gratifying. Landholders are traditionally averse to 
interference with their prerogatives of management 

and their sovereignty over their properties. The 

lack of concern with this condition could indicate 

a significant level of trust in the company, aided by 

the absence of any regulatory powers. 

There was no systematic survey of landholders who 
requested tender documents but who decided not to 

submit a bid. This would have been useful. 

The Monitoring Officer of South West NRM 
established monitoring sites at all properties after 
contracts were signed. She has advised by way of 
summary (Nicholls 2014) that “basically it was only 
one lot of data!” After monitoring commenced, “it 

rained and the whole region had the best pasture ever.” 

One paddock was burnt out which compromised the 

time series observations. She reported that graziers 
were pleased with the scheme because they gained an 

income from land that in many cases constituted back 

paddocks that were not grazed much anyway. 

This intelligence does not invalidate the mechanism. 
It highlights the difficulty in securing reliable 
improvement in land condition within a landscape 
subject to irremediable climatic variability. It 1s 
arguable that only if the scheme were to be applied over 
several decades would its merits become transparent. 

DISCUSSION 
MARKET-BASED INSTRUMENTS 
Economists have long and influentially advocated 
the use of market-based instruments as a vehicle for 

delivering policy outcomes. Enthusiasm for markets 
as the delivery mechanism of choice for water 

reform for example infuses material published by 

the National Water Commission. These instruments 
are differentiated from command-and-control 
mechanisms (regulation), subsidy and suasion as 

other tools available to authorities. Stoneham et 
al for example posited the BushTender trial as a 
third option intermediate between the extremes of 
legislative (regulatory) and voluntary (persuasive) 

approaches. This typology has weak explanatory 

power, as it commonly excludes the most influential 

tool of all — the proprietary power of ownership, 

using tenure instruments — and also overlooks the 
fundamental importance of regulation as essential 
for defining the bounds of markets and empowering 

people to participate. In fact, markets are simply a 

method of exchange that can be applied to any of the 

primary root tools -—titles can be auctioned, regulatory 
permits can be made transferable, subsidies can be 
allocated by tender and suasion such as educational 

services can be delivered by commercial service 

providers. It is better to base a classification system 
on the fundamental legal or theoretical essence of the 

instruments being considered. 

Thus, contracts for achieving conservation objectives 

have been described as a method of creating markets 

for public goods, but on close examination they seem 
to be simply a competitive method of distributing a 

subsidy. Given that public goods by definition are 

not adequately reimbursed in commercial markets, 
there must always be a source of non-profit money 

funds and so they must by definition fall outside the 
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scope of conventional markets. Also, to be effective, 

conservation contracts require careful planning such 
as Clear definition of purpose and meticulous attention 

to design; these features alone distinguish them from 
what economists present as self-governing markets. 

South West NRM could not have run its tender without 
a source of funds external to the production systems 
being influenced. 

As Stoneham et al observed, a benefit of the auction- 

based approach (or tender) is that “it enables an agency 

to take advantage of heterogeneity in landholders’ 

opportunity costs.” A risk of this approach where the 

landholder is required to perform conservation works is 
that it is merely a method of undercutting commercial 
contractors. The South West NRM pasture recovery 

scheme did not require the land holder to construct 
any works (except maintain boundary fencing) so 

avoids that regressive aspect. 

The tender method had a number of benefits for the 
agency. It allowed a value for money criterion to be 
inserted into a palette of other criteria based upon 
land condition, biodiversity value and potential for 
catchment improvement. It allowed the agency to 

gain an understanding of the scale of funding required 
should a larger more comprehensive scheme be 
enacted subsequently. 

ALTERNATIVE TO PURCHASE 
Given the objective of reducing grazing pressure on 

these semi-arid landscapes, an incentive scheme like 

the one described here offers the prospect of destocking 

while allowing experienced landholders to remain 

in occupation and, at least in principle, to manage 
populations of feral goats and pigs. The alternative of 

bringing properties back into public ownership has the 
disadvantage of requiring the State to fund the capital 

cost of purchasing properties and the running costs of 

replacing independent proprietors with rangers. 

POSSIBLE SOURCES OF ONGOING FUNDING 
The benefits of the scheme in terms of land condition 
for a given property might well be long-lasting, if the 

incentive payments act as a “circuit-breaker” to allow 

pastures to be spelled after rain and biomass to build 

up so that the grazier can in due course reintroduce 

sufficient animals to make a living without harvesting 
more than the surplus plant production. Realistically, 

however, climate change, weather, market conditions 

and personal idiosyncrasies can all conspire to make 

this difficult. A scheme would probably be successful 

in reducing degradation only if it were ongoing and 

structured to result ina permanent lowering of grazing 
pressure. This would require an ongoing external 
source of funding. 

To perpetuate a stewardship program on a continuing 

or “sustainable” basis beyond the scale of a pilot, it 
is necessary to identify a source of funds. Possible 

sources are identified. 

A sustainability levy on food and fibre could be levied 
at the point of retail sale then disbursed back to 
landholders. The increase in cost need be only a small 

proportion of the total retail price to make a significant 

difference to graziers’ income. Disadvantages of this 
method include the need for central management of 

the pool of funds, the requirement for reasonably 

complicated contracts to ensure that graziers received 
funds commensurate with their reduction in stock 

numbers, and the risk of offending trade disciplines. 

Grants could not be calculated as a proportion of 

commodity production, or graziers with the heaviest 
output would perversely receive the largest subsidies. 

A “Mulga Lands Trust” or similar vehicle could be 
funded from Commonwealth or State grants. The 

major disadvantage of this method is that any pathway 

dependent upon annual budget allocation is vulnerable 

to political changes and stop-start support, which is 

corrosive of the trust and investment planning required 
for landholders to commit to the scheme. 

Replacing drought subsidies and Centrelink payments. 

It was suspected that the amount of welfare money 

on average that the Australian Government paid rural 
families in this region late in a long-term drought was not 

much less than a living wage. If figures can be shown to 

support this suspicion, it may be feasible for the Australian 

Government to shift its support of the rural industry from 

welfare payments to land management stipends, which 

would give landholders more dignity and would avoid 

the regressive effects of trying to prop up cattle and sheep 

enterprises, which in many cases are terminal. 

Philanthropy. As mentioned above, conservation 

groups are already purchasing significant properties to 

retain in the hands of non-government public interest 

bodies. No doubt this process will continue, but it is 

hard to imagine that it will extend across every region 

to cover not just the signature properties but the 

mundane and worn out ones. 
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The company estimated that a nation-wide Rangelands 

Renewal Program could be launched if funds of 
$250m over 5 years were available as follows: 
* $200m placed in a “Rangelands Sustainability 

Trust” or similar vehicle and used via 
stewardship programs to landholders to provide 
ecological services; 

¢ $10m for a _Rangelands 
Reporting Program; 

* $40m for regional NRM_ bodies 
administration of the Trust. 

Monitoring and 

for the 

CONCLUSIONS 
The pilot scheme demonstrated the practicability 
of a tender-based method of choosing recipients of 
stewardship-type payments. The level of interest 

expressed in the scheme was high and negotiations 

that led to the eventual issue of subleases were non- 

problematic. The face-to face dialogue and inspections 

held with the short list of candidate landholders were 

valuable. The level of engagement with landholders was 

aided by the non-government status of the company. 

The administrative costs to the catchment body were 

within the scope of routine business of the company. 

The time and travel involved in regular condition 

assessments were considerable, but again were built 

into the budget for the scheme and were well within 
the skill capacity of the staff. 

The scheme highlighted the value of the regional NRM 

bodies in operating a program of this kind. South West 

NRM is ongoing organisation based in the regional 

centre, with a staff having long-term familiarity 
with and resident within the region. Its track record 
of running field days, environmental condition 
assessments and water quality monitoring positioned 
it well for the program. Given its status outside the 
public service, it can be more commercially nimble. 

However, the program could not have been 

envisaged without the availability of a pool 
of discretionary funds. The overheads and 
delays that would have been occasioned had the 

company been required to convince a State or 

Commonwealth department to allocate project 

funds for this particular purpose would have been 

too daunting to contemplate. This is despite the 

unambiguous conclusion from mainstream science 

that Australia’s rangelands warrant remedial 

action to avoid justification. Although the overlap 
between State and federal responsibilities and the 

routine bureaucratic hurdles to spending public 
moneys are impediments, the primary cause of the 
absence of effective stewardship programs in the 
inland is the parsimony of Treasuries in making 

funds available for environmental and NRM 
programs. The subject simply does not seem to be 

on the public policy agenda. 
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Be Paid To Spell Your Country ! 

Pastute Recovety 

Landholders are invited to register their interest in being paid to remove stock from parts 

of or all of their properties, to allow the grasses to set seed and replenish the landscape. 

Successful landholders would receive a regular monthly payment that is guaranteed, 

regardless of rain, stock prices or continuing drought. 

The area proposed can be as small or as large as desired and need not include the whole 

of the property. 

There is no strict deadline, but interested graziers are invited to respond as soon as 

possible. All expressions of interest received before 5 p.m. on Saturday 27th October 

2007 will be considered. 

Landholders can express interest: 

O through the tender box tender@southwestnrm.org.au ; or 

O by fax 4654 7284; or 

O by letter delivered to the company's office at 66 Galatea St Charleville 4470. 

The expression of interest should name the property and contact details. There is no need 

to define the boundaries of the area to be spelled or to indicate a price at this stage. 

Landholders whose property lies within the scope of the scheme will be sent tender 

documentation and will be invited to submit a price to spell the area of country that they 

nominate. 

Landholders who wish to discuss the matter before expressing interest should ring the 

Programs Manager, Gary Butler, on 4654 7382 during office hours. 

www.southwestnim.org.au 

OG 
South West NRM 
Achievi ail le fi Achieving sustainable landscapes 

for rural communities 
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Media Release <7 
South West NRM 
Achieving sustainable landscapes 

Jor rural communities 

Pasture Recovery initiative launched 

"Pay graziers a decent living, not welfare" said Tom Garrett, Chairman of South West NRM today. 

Mr Garrett was launching a new scheme called "Pasture Recovery" by which a fee would be paid to 

landholders to spell part or all of their property after the season breaks. 

South West NRM is a community-based public company accredited to deliver funds from the 

Commonwealth's Natural Heritage Trust and National Landcare Program. It has reserved $200,000 

through its Futurescapes program of funding for on-ground works to pay landholders in an 

innovative way. 

Landholders will be invited to submit bids for the amount of fees they wish to be paid to remove 

stock from parts of or all of their properties, to allow the grasses to set seed and replenish the 

pasture. 

Successful landholders would grant to South West NRM a lease for between one and five years in 

return for a regular monthly payment that is guaranteed, regardless of rain, stock prices or 

continuing drought. 

"We are deeply sympathetic to the pressures the situation of graziers who are faced with making 

difficult decisions every day: whether to sell or keep stock, whether to invest or not invest in waters 

and other works, whether to stay on the property in hope of a good run of seasons or to call it quits", 

said Mr Garrett. 

“Our new scheme respects the role of graziers as custodians of the land resource that provides 

Australia with its food and fibre. It is intended to compensate them for their stewardship in a way 

that offers dignity and reflects the importance of their role as custodians.” 

Mr Garrett said that while he welcomed the commitment to rural Australia that the Commonwealth 

government had made by contributing an additional $714 million in drought aid recently, this was 

still a welfare payment, and by itself does not relieve the pressure being placed on the soils and 

vegetation of Queensland's rangelands. 

"The soils and vegetation systems of the Mulga lands are by their nature of low productivity, even in 

good seasons. They must be allowed time to recover their fertility and to restore carbon to the soil. 

Drought aid by itself will not prevent landholders from pushing stock back on their properties as soon 

as green pick is available. This is the time when native pastures are most vulnerable and the future 

productivity of the land can be most severely damaged.” 
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Mr Garrett said that the scheme has arisen from a motion passed at the company's Annual General 

Meeting held on 28 September and had been supported by community members of the company. 

"The modest amount of funds that we can provide is nowhere near enough to address the problem 

region-wide. | call upon both sides of national politics to match our modest initiative with some 

serious money. After a decade of drought, graziers in our part of the world are now in a worse 

situation than they have ever been, and the properties are likewise.” 

END 

10 October 2007 

Media Contact 

Kyle Muldoon 

Ph (07) 46547382 
Mob 0427 220 139 

media@southwestnrm.org.au 
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Be Paid to Spell Your Country: 
Pasture Recovery Expressions of Interest 

Background 
South West NRM is inviting expressions of interest from landholders in the South West region for 
spelling all or parts of their properties during the next 12 months or more. 

An amount of money has been reserved to pay a small number of landholders to improve the condition 

of their properties by partial destocking and control of goats, pigs and kangaroos. Landholders would 

retain full ownership of and equity in the property. 

The proposal means that landholders would be paid by South West NRM to improve their grass cover 

rather than being paid by the market for producing beef and sheep products. The effect of the proposal 

is that the landholder would be paid a regular fee for the grazing rights without having to manage any 
sheep or cattle themselves. South West NRM would not however graze any stock. South West NRM is 

proposing this arrangement as a cost-effective method of easing the pressure on native pastures and 

improving the health of the landscape. 

Conditions 
Persons expressing interest should name their property. The area proposed can be as small or as large 

as desired and need not include the whole of the property. A preference is expressed for properties with 

a river frontage or floodplain or with special vegetation features, or adjoining a stock route that can 

provide connectivity with other properties and river frontages. 

If negotiations proceed to a result, the landholder would grant to South West NRM a sub-lease for a 

period of a minimum of one year up to a maximum of five years, as negotiated. The sub-lease would give 

South West NRM exclusive rights to graze stock (which it would not exercise). The landholder as 

proprietor would still enjoy free physical access as South West NRM would sot have exclusive physical 

access to the property. South West NRM would have only a non-exclusive right to inspect the property at 

any time to assess its condition and to confirm that no domestic stock are present. 

Depending on its term, the lease may be registered at the Office of Titles in the normal way and could be 

protected by a caveat but would otherwise have no implications for ownership of the property. South 

West NRM has no rights to compulsorily acquire property, no funds for that purpose, and the scheme is 

not intended to be lead to purchase. 

Process 

Expressions of interest are to be submitted to South West NRM Ltd. There is no strict deadline, but 

interested graziers are invited to respond as soon as possible. All expressions of interest received before 

5pm. on Saturday 27th October will be considered. 

Landholders can express interest through the tender box tender@southwestnrm.org.au , or by fax 

4654.7284, or by letter delivered to the company's office at 66 Galatea St Charleville 4470. The 

expression of interest should name the property, the landholder and contact details. There is no need to 

define the boundaries of the area to be spelled or to indicate a price at this stage. Landholders who wish 

to discuss the matter before expressing interest should ring the Programs Manager, Gary Butler, on 
4654.7382 during office hours. 
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All properties mentioned in the expressions of interest will be discussed with the landholder. 

Landholders whose properties seem within the scope of the scheme will then be invited to submit a 

competitive tender indicating: 

G1 a Ges Roe 

The precise area to be spelled. 

Length of the proposed lease. 

Timing of lease payments (e.g. monthly). 

Privacy and anonymity considerations. 

The fee required. 

Tender documents with detailed terms will be supplied to those invited to bid. All properties submitting 

a tender will then be evaluated by a Technical Assessment Panel consisting of at least two qualified staff 

of South West NRM. The ranked results of that evaluation may be passed to a Community Assessment 

Panel consisting of three or four community members of the company. The recommendations of the 
panel(s) will be passed to the Board for approval. 

The following selection criteria will apply: 

1. 
2. 

3} 
4 

5. 

Value for money. 

Features of the property e.g. water frontage, wetlands, threatened ecosystems, cultural heritage 

sites. 

Current condition of the property and likely speed at which grasses will regenerate. 

Condition of boundary fences around the area to be spelled. 

The ease with which the land can be kept free of feral pigs and goats and kangaroos or the 

thoroughness of the control program proposed by the landholder. 

Landholders should consider the following factors when compiling their bids: 

te Fe 

5. 

The netcost or netprofit forgone in not running sheep or cattle. 

The opportunity for the landholder to defer capital expenditure. 

The capital gain that the landholder will enjoy because of the relative improvement in condition 

of the property that is likely to be achieved during the lifetime of the deal. 

Centrelink eligibility and taxation. Many landholders will be able to let parts of their properties 

to South West NRM while still drawing full drought assistance. Landholders should consider 

obtaining accounting advice. 

The requirement to eradicate feral goats and pigs as far as possible, not to simply harvest them. 

The lowest or any offer not necessarily accepted. 

Geoff Edwards 

Chief Executive Officer 

2 October 2007 
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UNSETTLED SCIENCE: TIMING THE HARVEST OF CARBON FLOWS 

ALAN LAUDER 

INTRODUCTION 
The sequence of actions in the conduct of science, and 
then typically its acceptance and implementation, are 
referred to as Scientific Method and then objective 

meritocratic formation of policy. In the modern world 

it includes evidence — hypothesis — experiment — 

conclusions — peer review — publication — transfer to 

policy — and finally its communication to practical 
managers. However, this sequence does not always 

proceed in a logical and orderly fashion. For a range 
of reasons, important evidence can remain un- 

investigated and even if scientifically validated, 
conclusions can remain un-implemented. 

With regard to discussion around management of 
carbon flows in Queensland’s pastoral landscapes 

(rangelands), science and policy appear to have 

dropped the ball. This Short Communication 

questions why research programs and landholder 

assistance programs to date have not included the 

types of management recommendations I have made 

in more than 10 years of advocacy. It will be further 
suggested that the types of changes to extension being 

suggested, could have wide-ranging benefits both on- 

farm and also across catchments. 

CONTEXT 
Personal communication with Michael Gutteridge 

(geographer and former senior scientist Queensland 

Government) provided a rudimentary overview of 
the past 150 years of land use, as well as our present 

performance. 

“Tt is suggested that almost three quarters of the 

Australian continent is categorised as rangelands. 

The grazing industry operates on some of the countrys 

most fragile, unforgiving and least productive soils. 

Hence, due to the immense scale of this industry, 

negative outcomes from poor management can have 
equally extensive and often persistent impacts, be that 

on the rangelands or beyond including river systems 

and coastal areas as far out as the great Barrier Reef. 

In spite of this overlap, grazing properties 

are managed for a surplus that is realised 

as a financial profit. As with all commercial 

endeavours, this is achieved through maximising 

total value of out-put whilst minimising cost 

of inputs and/or operation. Furthermore, the 

archetypal grazing property is presumed to have 

the capacity to regenerate, to be self-sustaining 

and self-regulating whilst producing a perpetual 

surplus, as opposed to generating profits through 

extracting finite resources, such as with mining. 

A mix of desirable pasture plants growing on 

good soil, optimal animal genetics and favourable 

climatic and market conditions, all contribute to 

profitability as also does minimising aberrant stock 

and capital losses. However, irrespective of heritage, 

endowment, luck or investment, it is informed and 

strategic management that makes the best or worst 

of Mother Nature and volatile markets. There are 

many examples of landscapes deemed marginal which 

have been improved to sustain a profit, but conversely 

and all too often, there are many examples of good 

grazing lands that have been degraded, and where 

productivity has fallen below profit thresholds; and 

typically flow-on consequences have been observed to 

impact environment and society. 

Over an arguably short ~150 years most of Australia’s 

rangelands, that is, most of the continent, has suffered 

some form of degradation (McKeon 2004); sometimes 

unnoticed and insipid, such as species decline or 

loss of soil structure; and at other times rapid and 

discernible, such as soil decline or erosion through 

over-stocking during severe and prolonged drought. 

In many regions the averaged decadal surplus, or 

yield, is below a “mythical” historical production 

potential, albeit a loosely defined quantum. This 

historical surplus was achieved (or could have been 

achieved), and incidentally through less advanced 

technology, by mining the virgin landscape that had 

incrementally accumulated over the past 10,000 

years since the continent emerged from the hyper- 

aridity and climatic swings of the Pleistocene. This 

pre-agricultural rangeland was rich in carbon, 

nutrient, flora and fauna, invertebrates, bacteria 

and fungi and was structurally and hydrologically 

complex. Yet although rich, it was also fragile and 

delicately balanced. 
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Ironically, even in the 21st century, the productive 

potential of these now compromised landscapes 

is typically not improving as could be reasonably 

expected given modern advances in technology, 

education and management support systems 
as well as the flexibility afforded by extension 

programs and financial and government support’. 

PADDOCK SCALE OBSERVATIONS 
For thirty years I operated a 50,000 acre (20,000 ha) 

sheep and cattle property called “Woodstock” which 

was located at Cunnamulla in Queensland. Prior 

to this I studied Economics and Commerce at the 
University of Queensland. I sold the property in 2002. 

During these thirty years, nobody ever explained to 
me that my day job was managing carbon, or more 

specifically, carbon flows. Carbon simply wasn’t 

mentioned as part of extension. 

It was an article in the Australian Farm Journal 
(1995) that started my journey of discovery. The 

journey ended in an appreciation of the importance of 

managing carbon flows better. This article presented 
my proposal of using old man saltbush plantations 
as a way of resting pastures after rain. The drought 

resistance of saltbush provided somewhere to put 

animals at the end of dry spells when rain arrived. The 

article attracted the attention of the Commonwealth 
Department of Primary Industries and Energy. 

Government interest resulted in a $272,000 Drought 
Regional Initiative (DRI) project being conducted 

by myself (on “Woodstock”), to perfect the use of 

saltbush for resting pastures after rain, including in 

average years. 

This project was the beginning of my partnership 

with the scientific community. Over time the group 

of scientists I dealt with grew. Between them, 

they helped me gain the understanding that carbon 
flows were central to keeping paddocks productive, 

resilient, less drought prone and providing better 

environmental outcomes. 

As part of this process, scientists educated me and I 

educated them. I helped the scientists join the dots 
and they helped me join the dots. It demonstrated 
that science often starts with lay people. We make 

the observations but don’t understand what we 
have observed. Then scientists add rigour to the 
observations. As part of the process, scientists often 

discover issues of which they were not aware of. 

CSIRO wrote a paper with me for the 1999 

International Rangelands Congress where I was 

invited to speak. The paper was based on the final 

report of my DRI project which I titled “Who Does 
Drought Visit and When.” 

It was after many years of having short articles 
written about my ideas that I decided to write a book 

explaining my thoughts. 

The book, “Carbon Grazing — The Missing Link” was 
published in 2008 and launched by the former head of 
CSIRO Land and Water, Dr John Williams. It united 

practical knowledge and scientific knowledge. The 
book provided the knowledge required to understand 

the proposal that better production and landscape 
outcomes relies on better management of carbon. 

The book focused on carbon flows as well as carbon 
stocks. Since the book was written, explanation of 

carbon flows has been further refined to discussing 
carbon flows in terms of the speed of carbon. 

Short term carbon is the fast moving carbon and long 
term carbon is the slow moving carbon. It has been 

highlighted that because long term carbon is stable, 
very little is involved in carbon flows. In the case 
of short term carbon, it moves at different speeds 

depending on the ratio of nitrogen to carbon. 

Management of long term carbon is really all about 
the management of short term carbon. Long term 

carbon has to start the journey as short term carbon 

in carbon flows. 

This realisation that carbon flows at different 
speeds through the eco system, including through 

livestock, changes our former ideas to carbon and 
land management. Applying this understanding 

has considerable effect on the condition of the land 
for both environmental and agricultural land uses 

— and has policy implications for management of 

atmospheric carbon. 

Thinking/discussing carbon flows is a different way for 
graziers to look at the landscape and understand how it 
functions. The paddock with the highest flows will be the 
most productive, therefore producers need to operate with 

a new paradigm and they have to be able to imagine what 

is happening on a multitude of levels and time frames. At 
the moment, most producers can see only the outcomes, 

but don’t understand how they occur. They need to be able 

to visualise the processes they can’t see happening. 
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As a producer, I spent many years not understanding 

what I needed to know. 

It was after observing the improvement in holding 
paddocks on my property during a run of years of below- 

average rainfall, while the adjacent large paddocks 
deteriorated, that I was forced to accept that it was really 
my management, not bad luck that was responsible for 
the overall deterioration of the large paddocks. This led 
me to the conclusion that land degradation is largely 
due to management, not drought. The emphasis should 

shift from relying on good seasons for pasture repair to 
concentrating more on every useful rainfall event as a 
possible repair agent. 

TIMING, NOT TIME 
My signature original contribution to the science and 
practice of pastoral land management is that “pasture 
rest is timing, not time”. I started using this phrase in 
1998 and it was the title of my poster judged the best 

poster at the 2008 Australian Rangelands Conference. 

Pasture rest is strategic. The reason resting/spelling 

pastures in the short period after rain is so important, 

is that this is the period when the bulk of the carbon 

flows into the landscape to maintain it. A paddock can 
be locked up for a long period of time but this is no 

guarantee that carbon will flow in. Removing animals 
to protect the height of ground cover is an important 

strategy but it is a separate issue to maximising the 

inflow of carbon. 

In other words, graziers need to be harvesting only 

the surplus, not the means by which a usable surplus 

is generated. They should harvest what resides above 
ground after adequate carbon has flowed to all parts 

of the landscape. This approach will ensure future 

animal production and ongoing resilience. 

When graziers harvest carbon flows too early 
following rain, they interfere with the biophysical 
conduit (leaves) that are responsible for introducing 

carbon into the landscape. 

It was during a trip to South Africa in 1998 that I had 

a discussion with a researcher at the Grootfontein 

Research Institute. This discussion really focused me 
on outcomes in the short period after rain. He said that 

their research had determined that 3-8 weeks of rest 
after grass growing rain increased pasture production 
on average by 50-80%. Remembering that pasture is 
about 45% carbon when dried, the increase in ground 

cover they documented, provides an approximation of 
the increased level of carbon flowing into all parts of 
the landscape above and below ground. 

The Carbon Grazing principle suggests that after 4-6 

weeks, sufficient carbon has flowed to all the required 

locations above and below ground. The actual time 

required depends on how resilient the landscape is as 
well as the prevailing temperature. 

I coined the term “Carbon Grazing” in 2001. The term 
refers to management that maximises carbon flows. 
We can’t change how much rain falls however we can 

change how much carbon flows into the paddock from 
what rain does fall. 

After carbon enters the landscape, it keeps moving 
until it ends up back in the atmosphere. Potentially, 

a very small percentage of each inflow can remain in 

the soil. Carbon Grazing is about maximising the first 
phase of carbon flows, being the transfer/introduction 

of carbon from the atmosphere by plants for their own 

construction above and below ground and release 

as soluble carbon to soil life. After entering plants, 
carbon then continues its journey above and below 

ground to achieve all the positive outcomes that are 
well known to farmers, gardeners and scientists alike. 

It activates so many processes as it keeps moving 
before eventually returning to the atmosphere. 

Carbon has been described by one discussant as “the 

organiser’. The speed of carbon refers to how quickly 
individual carbon atoms are moving on the way back 

to the atmosphere. 

It is letting more carbon flow into both plants and the 
soil that increases the resilience of the landscape. In 

a perfect world, pastures would be rested after every 

rainfall event, however sufficient resting is occurring 

if resilience is being maintained over time. 

I am informed, a preliminary review of grazing 

management articles, and related scientific literature 
found that in peer reviewed journals (and despite 

there being several soil science companies consulting 
on various aspects of soil carbon across various 
industries but not specifically rangeland grazing), 
substantial funding has/is available for research to 

increase farm productivity through soil improvement 

and also carbon sequestration; no where do the two 

seem to be linked. However, it was found that already 

most of the literature already substantiates my claims. 
Yet according to the reviewer: 
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“T cannot find anywhere in the literature or reference 

to a variable/parameter in grazing management 

software specifically discussing the idea of spelling 

pasture for 4 - 6 weeks after rain, especially in average 

years. Indeed, several government publications allude 

to this being the best time to graze due to the best C:N 

ratio, that is, digestibility. They refer to the importance 

of allowing pasture grasses to set seed but dont quite 

connect to the insight that grazing after rain knocks 

pasture about and damages the long-term productivity 

and resilience to drought” (Gutteridge, M.). 

Furthermore, many scientific projects simply overlook 

some of the important variables. Some projects I 

have seen don’t differentiate between different plant 
Species — but grazing animals do differentiate. 

Warwick Jones provided the following insight into 
my work: 

Alan 

KEY INSIGHT IS SPEED OF FLOWS 
We have been continually refining our 
understanding of the carbon cycle for more 
than a century but the way it has been used for 

both biosphere-atmosphere interactions and the 

resulting management practices has been fairly 

unhelpful to date. In particular, we have focused 
too much on carbon stocks to the detriment of 

flows. Your first insight was to realise that from a 

management point of view, it was the carbon flows 
that were important. The key insight however, and 

one that I dont think anyone else has made, was 

that the speed of flows was the critical thing for 

the land manager._ 

In other words, it was not just the slow moving 

carbon we have been treating as stocks that 

was important but also the fast moving carbon 
initially introduced as part of plant growth. From 

a management point of view, this has meant that 
land managers can stop trying to drive using 

the rear view mirror to look at what has already 

happened (carbon stocks) but can now look 
through the windscreen and look at what the 

fast flowing carbon is doing before their eyes. 

Knowledgeable producers know how to increase 
the volume of carbon flowing through their 
paddocks as well as what increases the speed of 
the fast flowing carbon. 

This turns the current approach to land 

management on its head. Carbon flows move to 

the centre of land management not just because 

of greenhouse gas abatement potential but also for 

the profitability, sustainability and resilience of 

the land whether it is a vegetable farm, grazing 
operation or an arid lands national park. So rather 

than being nice to have just as a sustainability 

issue, carbon flow management should be the 

superstructure of land management thinking to 
which we can bolt on other modules. 

With the understanding of the speed of carbon 

concept, comes a better understanding of animal 

performance. Apart from flowing through the 
landscape after entering plants, carbon also flows 

through sheep and cattle. Increasing the speed of 
carbon through these ruminant animals increases 
profits and reduces the production of methane per 

kg of production. 

Warwick Jones 

1 June 2014 

Warwick Jones has been involved in_ the 

development of sustainable land management as a 

large producer, coordinated and directed research 

and public policy for thirty years. 

Given long term soil carbon is slow to change, except 

with erosion, the indicator of a paddock being well 

managed is the level of short term carbon relative to 
recent rainfall. 

This is not to demean the work of the experienced 

and knowledgeable scientists, simply to say that 

observations from practitioners can add richness 

or new perspectives to scientific investigation and 
there should be formal avenues for them to be 
accommodated. 

THE CARBON GRAZING BOOK 
My Carbon Grazing book was published in 2008 by 
South West NRM Ltd, the community-based natural 
resource management body responsible for the mulga 
lands of South-West Queensland. The Chairman 

wrote in the foreword of the book, “My Directors 

and staff were so impressed with the importance of 
the book’s message and the quality of the writing 
that we are providing a complimentary copy to every 
rural landholder within the region.” It was written 

in communication with several eminent scientists in 
this field, and thereafter edited for scientific rigour by 
Michael Gutteridge 
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A cattle producer at Gladstone told me _ only 
recently that after reading the book, he changed his 

management and increased his calving rate from 50% 
to 85%, wasn’t stressed by the recent dry and nutrients 

are now not running off his paddocks onto the Reef. 
He added that these better outcomes were achieved in 

conjunction with a new higher stocking rate he was 

able to implement. 

That my findings about the broader aspects of spelling 

pastures after rain are significant, does not depend 

upon recent initiatives aimed at sequestering carbon 

because of climate change. My observations began 

well before climate change moved to its prominent 
place on the policy agenda. They are based/justified 

on the grounds that increasing carbon flows through 

the soil and above ground, increases both productivity 

for graziers and maintains environmental health. 
Mitigation of emissions and/or the prospect that 

graziers might earn an income from selling carbon 

stocks are potential but downstream benefits. Carbon 

units could be described as an alternative to cattle and 

sheep as vehicles for earning income but do not change 

the basic elements of a well-functioning landscape. 

The failed RM Williams Agricultural Holdings 

attempt to generate carbon credits via the Carbon 

Farming Initiative, was based upon destocking. In 

contrast, my model which is based upon increasing 

food production by increasing carbon flows, also 

produces better greenhouse outcomes at the same 
time. There can be two positive outcomes from the 

same action (changed management), not to mention 

other environmental outcomes like better water 

quality. It is a low cost solution that relies on better, 

but simple/uncomplicated knowledge of how the 

pastoral landscape functions. 

OFFICIAL LACK OF RESPONSE 
I cannot claim that my insights have remained 
unpublished. Apart from my own published material, 

mine was one of ten case studies in a book called 
Graziers’ experience in managing mulga country 

published by the Queensland Department of Primary 
Industries in 2000. The ABC 7-30 Report and ABC 

Landline both went to “Woodstock”. From time to 
time the mainstream weekly newspaper Queensland 
Country Life has published articles publicising 

my work, as has Beef Central. The Australian 
Farm Journal has published numerous articles. 
The Colorado State University in the USA made 

my book, along with another book, compulsory 

reading for their course AGRI 632. Unfortunately 
this recognition is having zero effect on policy and 
extension in Queensland. 

As an extension resource, the Queensland Government 

relies on a module called “MLA Grazing Land 
Management workshop notes”. It is 205 pages and 

the word carbon appears only twice, the first time as 

carbon dioxide, the second time stating that carbon 

occurs in trees. There is no reference to carbon flows 

because there is no focus on carbon at all. When the 
manual makes reference to ground cover, it does 

not explain it as a carbon compound, remembering 

that pasture is about 45% carbon when dried. It also 

makes no reference to the level of ground cover being 
influenced by the level carbon flows. 

They discuss ground cover in terms of not consuming 

too much (important) but do not discuss increasing 

carbon flows to provide more ground cover for 

consumption. Consumption should be the second- 
order issue, with the first one being management 

of carbon flows to increase ground cover prior to 
consumption. Consuming flows after they have 

arrived is very different to reducing the flow of carbon 
in the first place. Flows end up above and below 
ground with animal consumption only involving what 
ends up above ground. What animals eat is the conduit 

for carbon flows, so the real issue is when should the 

conduit be consumed. Eating the conduit too early 
results in lower flows arriving above ground for 
consumption by livestock. Eating the conduit too early 

also results in lower flows going below ground. This 
reduces the resilience of the landscape by reducing the 
resilience of plants and the soil. 

Extension is currently taking a reductionist science 

approach and giving raw information to producers 
in separate packages, however history has shown 

that they are often the least capable of putting it 
all together to form a big picture understanding. 

Having an introductory carbon module would 
help producers better understand the big picture 
and see how all the separate components currently 

explained to them fit together. 

I have made several approaches to the Queensland 

Government at the highest political level suggesting 
that their departments produce a standalone carbon 

module to help producers better understand current 

extension. An introductory carbon module would 

prepare the mind to understand the big picture. 
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This does not entail changing or rewriting current 

extension. Instead putting it in a more holistic context 

by completing the mix of knowledge producers 
require. A title for the carbon flows section of the 
module could be, “Managing carbon flows for 
increased profits and a healthy landscape.” 

THREE OBSTACLES 
I am convinced that my findings summarised in the 
slogan “Pasture rest is Timing, not Time” dating back 

to 1998, are original and are important. But they 

have not been taken up either by active scientific 

research programs or by policy analysts. For my field 

observations and conclusions to be mainstreamed 

into public policy, they need to be validated by 
scientifically corroborated measurements presented 
through accepted scientific procedures. 

My experience has led me to conclude that there are 
three significant institutional obstacles to building 
knowledge from non-credentialed observers into 
practical guidelines that land managers can adopt. 

The first is that evidence arising from sources outside 

current experimental projects is easily dismissed. 
Scientists working in government and semi- 

government organisations like universities and CSIRO 

have a full work programme ahead of them. In some 

cases no doubt, completion of the projects on their 

work program is a pre-condition to gaining continuing 

funding, or promotion, or even retaining tenure. Given 

these pressures, practising scientists do not have the 

luxury of being receptive to ideas or data outside their 

processes. I acknowledge the Queensland University 

which is including my approach in a new course and 

the Colorado State University as exceptions. 

The second and related obstacle, is that far too 

much science is reductionist. Reductionist science 

leads to reductionist policy. My mission does not 

easily conform to current traditional grant programs 
for environmental research, partly because it is 

not reductionist, partly because it bridges the 

environmental and agricultural disciplines and partly 

because any project with “carbon management” in 

the title is out of official favour at the present time in 
Queensland. Also short term carbon runs a long last to 

long term carbon in Federal funding programs. 

The third obstacle is that once observations have 

been validated by credentialed scientists, there can be 

long gaps before they work their way into policy and 

management practices. This is not because the policy 
officers and extension staff are resistant to learning, 
but because they already have a body of information 

that has historically been settled science and this has 

gathered significant institutional momentum. 

Michael Gutteridge has suggested turning to the 

banking industry, as it is in their interest to see 
producers have better knowledge to protect the bank’s 

investment and also produce more reliable cash flows. 

Banks have or ought to have a long-term interest in 
protecting the condition and productive capacity 

of the land and in understanding what is happening 
on the land as part of focusing on their bottom line. 

However, financial institutions are unlikely to insist 

on an innovative approach to property management 
unless it has been thoroughly validated by mainstream 

scientific or agricultural institutions. 

CONCLUSIONS 
I am confident that my insights are robust. Ongoing 
discussions with scientists and producers has supplied 

the evidence. I’m also confident, through my contact 

with scientists in South Africa, the United States and 

elsewhere that these insights are applicable to other 

pastoral systems elsewhere. However, these insights 

need to be validated through rigorous experimentation. 

In particular, my estimate that pastures need to be 

spelled for 4 to 6 weeks after pasture growing rain 
needs to be conclusively demonstrated in Australia 

to the satisfaction of government policy makers and 
leaders of industry. 

Placing a positive perspective on the issue, had I been 
a participant in mainstream scientific investigation, 
I may not have been permitted to investigate the 

fields I have. Now that my partnership with generous 

scientists has broadened my understanding of 
landscape function, how can I get this thinking into 
mainstream processes? 

Given the centrality of an understanding of carbon flows 
to understanding how carbon can be sequestered in 
landscapes and hence to mitigation of carbon emissions 

to the atmosphere, I’m keen to hear from any scientist, 

in Australia or elsewhere, who would like to take up my 

observations on grazing management and build them 

into a mainstream program of scientific experiment and 
validation. The increased period of rest required for 
unresilient pastures also needs to be investigated and 
quantified. The importance of feedback loops from past 

carbon flows needs to be part of the investigation. 
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POLICY FAILURES IN MANAGING THE ENVIRONMENT 

AND A NEW ROLE FOR SCIENCE ORGANISATIONS 

MARLOW, D. 

This title of this paper could have been “Policy failures in managing the Queensland environment 

and a new role for the Royal Society of Queensland”. In a sense, that is indeed the title. However, the 

Queensland situation is mirrored in other States and other countries. Science is consulted by Govern- 

ments before decisions are made that affect the environment; voluminous reports are compiled (which 

may or may not reflect sound impartial science) and then decisions are made based on other criteria 

and mere lip service given to the real science. In this, the science organisations (societies, authorities, 

institutes and academic institutions) stand aloof and mute. 

This paper discusses the deleterious consequences resulting from a lack of political consensus 

and a politicised and under-resourced public service. A Queensland context is used, but the 

situation is universal. 

Finally, a call is made for science organisations to involve themselves in environmental issues — not 

in a partisan activist role, but by having a viewpoint and then communicating that viewpoint (and 

the rationale behind it) to the public. Fewer bad environmental decisions will be made, when science 

organisations lend the prestige of their names and the power of their knowledge and reasoning to the 
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important issues of the day. 

INTRODUCTION 

This title of this paper could have been “Policy 

failures in managing the Queensland environment 

and a new role for the Royal Society of Queensland”. 

In a sense, that is indeed the title. However, the 

Queensland situation is mirrored in other States and 

other countries. 

Environmental issues have never been as important as 

they are now. The world where natural resources were 
regarded as “inexhaustible” has gone forever. The 
environment is now a battleground between opposing 

world views — a biological inheritance to be conserved 

versus a financial treasure to be exploited. 

The process of consultation by Government and 

the public service on environmental issues is often 

compromised by: 

1. the bias of the primary information source (often, 

the very developer seeking formal approval); 

2. the emasculation of the resources of the public 
service departments that provide information or 

analyse the information provided; 

3. political pressures placed on __ public 

servants to come to the “right” decision. 

In many (probably most) countries, progress in 

environmental matters is made, then reversed, 

depending on which political party is in power at 
the time. However, gains are usually in the form of 
legislative decisions (which can be easily repealed), 

while losses are often in the form of ecosystem 

destruction (which is usually permanent). The long- 
term trend is thus an increasingly degraded natural 

environment. 

In all of this, the science organisations stand aloof 

and mute. 

CAUSES OF POOR ENVIRONMENTAL 
DECISION-MAKING 

Governments continue to make decisions that degrade 

the natural environment. There are several causes. 

INADEQUATE STAFFING OF RELEVANT 
PUBLIC SERVICE DEPARTMENTS 
In Queensland, there has been an emasculation of 

the resources of the public service departments 

that provide environmental information or analyse 
environmental information provided. 

Helbig and Ironside (2012) reported that the 

Queensland Budget of 11 September 2012 included: 

¢ 220 redundancies in the Department of 

Environment and Heritage Protection, reducing 

staff numbers to 1,117 (a cut of 20%); 
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¢ 145 redundancies in the Department of State 

Development, Infrastructure and Planning, 
reducing numbers to 800 (a cut of 15%); and 

¢ 360 redundancies in the Department of Natural 

Resources and Mines, reducing staff numbers to 

2,444 (a cut of 13%). 

POLITICAL PRESSURES 
PUBLIC SERVANTS 
Political pressures are placed on public servants to 

come to the “right” decision. 

PLACED ON 

Colley (2005, p. 146) concluded that a “commitment 

to merit” in public service appointments in Queensland 

versus “political responsiveness” depended on the 

political colour of the Government. She further 

concluded that “Changes of government tend to 

treat everyone as a political appointee, rather than 
recognise the value of career public servants, who 
deserve tenure or at least an opportunity to prove their 
worth to a new government. This ‘disposability’ and 
employment ‘precipice’ does not foster ethical and 

courageous action by public servants”. 
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LACK OF POLITICAL CONSENSUS ON 
ENVIRONMENTAL ISSUES 
The State of Queensland is particularly afflicted by 

the inability of its political system to forge a bipartisan 

approach to halting the increasing damage to the natural 

environment, as the following examples demonstrate. 

BROAD-ACRE LAND CLEARING 
LEGISLATION IN QUEENSLAND: 

LOSE-WIN-LOSE 
1962: LOSE 
McAlpine and Seabrook (2010) state that “By the 

outbreak of World War II, large blocks of Brigalow 
around Goondiwindi, Millmerran, Tara, Dalby 

and Chinchilla in southern Queensland had been 

cleared mainly by axe, burning and subsequent 
‘flogging’ by sheep...... Following World War II, 

technological change increased the pace of Brigalow 
‘development’. One famous land clearing contractor, 
Joh Bjelke-Petersen - later Premier of Queensland 
from 1968-87, pioneered a technique for quickly 
clearing scrub by connecting a heavy anchor chain 
between two bulldozers”. 
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FIG. 1: Methods for removing brigalow, 1964 (McAlpine & Seabrook 2010) 
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In 1962, The Brigalow and Other Lands Development 

Act was passed. Mc Alpine ef al (n.d., p.8) state 

that “Under the Brigalow Development Scheme, 

approximately 2 million ha was allocated in the 
Bauhinia, Taroom and Duaringa districts, with a 

further 2.4 million ha in the Brigalow Belt North..... 
By the 1970s, most of the brigalow scrub had 
disappeared”. 

2002-2012: WIN 
In 1999, the Vegetation Management Act was passed. 

The purposes of this Act were to regulate the clearing 
of vegetation on freehold land to: 
* preserve remnant endangered regional ecosystems, 

remnant of-concern regional ecosystems, 

vegetation in areas of high nature conservation 

value and areas vulnerable to land degradation; 
* ensure that the clearing did not cause land 

degradation; 

* maintain or increase biodiversity; 

* maintain ecological processes; 

* allow for ecologically sustainable land use. 

However, the impending passage of this Act led to a 

frenzy of land clearing. Taylor (2013, p. 4) calculated 

that in 1999, the rate of land clearing in Queensland 

doubled and was more than twice the rate of land 
clearing in the Amazon Basin in that year. Land 

clearing rates in Queensland fell consistently below 

that of the Amazon Basin only from 2002 onwards. 

This Act was followed by the Vegetation Management 

and Other Legislation Amendment Act 2004 (which 

had the stated aim of preserving remnant vegetation by 

phasing out broadscale clearing) and the Sustainable 
Planning Act 2009 (which expanded restrictions on 

clearing to previously cleared and now regrowing 

bushland with high conservation value). 

2013-?: LOSE 
In 2013, the Vegetation Management Framework 

Amendment Act was passed. It: 

* Removed protection of high-value regrowth 
vegetation from freehold and indigenous land; 

¢ Introduced three new clearing purposes to expand 

the range of circumstances in which an application 
could be made for a development permit for 
vegetation clearing; 

* Created self-assessable clearing codes, enabling 
landowners to undertake vegetation clearing 
without the need to obtain a development permit 
in certain circumstances; 

* Changed the onus of proof for vegetation 

clearing offences, whereby the clearing of land 
would no longer be taken to have been done 

by the occupier of that land in the absence of 

evidence to the contrary. 

(Holding Redlich 2013) 

This Act thus removed protection from some 

high-value vegetation, made it easier to gain 

permits to clear vegetation, made it easier to 
clear vegetation without seeking permission and 
made it harder to prosecute anyone who did clear 

vegetation illegally. 

WATER QUALITY LEGISLATION IN 

QUEENSLAND: EVEN-WHEN-YOU-WIN- 

YOU-LOSE 

Turton (2010, pp. 47-50) states that river pollution 

regulations were considered as early as 1957. In 
1971, The Clean Waters Act was passed. It allowed 

conditions to be attached to licences for the 

discharge of wastes, with prescribed standards to 

limit pollution. It also imposed a duty of care on 

the occupiers of premises to prevent water pollution 

and to avoid activities likely to cause it. The Act 

gave inspectors extensive powers to monitor 

compliance. The penalties for non-compliance 

were the highest for an environmental control Act 
in Australia at the time. 

However, the Act comprehensively failed in its 

stated purpose of the “Preservation, Restoration and 

Enhancement of the Quality of Waters of the State”. 

Turton (2010, pp. 55-69) concludes that the failure 
was due to many factors: 
¢ Regulatory capture by industry and by public 

servants representing industry; 

* Resourcing constraints, with few inspectors and 
no after-hours complaints service; 

¢ Political interference, where the Minister would 

refuse to prosecute; 

¢ Ministerial bias, with pro-development interests 

and contempt for conservationists; 

¢ Few inspections, poor evidence collection and an 

unwillingness to prosecute; 

¢ Failure to set standards to define pollution, which 

deterred prosecution; 

* Overt discouragement of public participation 
in the process. 

Despite the legislation, the pollution of Queensland 
Rivers continued unabated. 
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In 2005, the Wild Rivers Act was passed, with 

bipartisan support. The purpose of the Act is to 
preserve the natural values of rivers that have all 

(or almost all) of their natural values intact and to 

provide for the preservation of the natural values of 

rivers in the Lake Eyre Basin. It allows the Minister 

to make a Wild Rivers Declaration. A Wild Rivers 

Declaration applies to designated rivers and sets 
out the restrictions on the development of natural 
resources, as well as applicable rules or limits on 

the development activities in the designated wild 
river area (King & Wood Mallesons, 2014). The 

Act thus has financial implications for mining and 
agricultural interests. A Wild River Declaration 

for a river effectively excludes large-scale 

development, such as dams, intensive irrigation 

and strip mining. 

The present government, at time of writing, plans 
to repeal the Act, in its entirety, in August 2014. 
Bipartisan politics has become adversarial politics, to 
the detriment of good sustained environmental policy. 

DEVELOPMENT APPROVAL: 
A FLAWED PROCESS? 

In Queensland, the development approval process 

for large projects with large environmental issues has 
been severely criticised. Two high-profile examples 
have been large coal seam gas developments in 

Southern Queensland - the $18 billion Santos project 

and the $20 billion QGC project. 
These projects were deemed “state significant” projects 

to be overseen by Queensland’s Coordinator General 

— whose main aim is the economic development of 
the state. There is thus a potential conflict of interest, 

when the Coordinator General is in final charge of the 
environmental impact assessment process for major 

development projects. 

Carney & Agius (2013) from the ABC Four Corners 

unit examined 900 pages of documents obtained 

through the Right To Information legislation in 

Queensland. They concluded that the documents 

detailed an approval process that was rushed, made 

with insufficient information, and put commercial 
considerations above environmental ones. Indeed, 

one brief sent by the Department of Planning and 

Infrastructure to the Coordinator General stated 
that while “the full suite of information normally 
available” had not been provided, the Department was 

“mindful of the CG’s (Coordinator General) Report 

being able to provide a ‘bankable’ outcome”. 

They also interviewed an officer in the Queensland 
Department of Infrastructure and Planning, whose job 

for the first half of 2010 was to assess the environmental 
impact of the Santos and QGC developments. 

She claimed the following, regarding the Santos 

submission: 

¢ It did not contain baseline studies and contained 

little hard data on where the wells or pipelines 

were going; 

¢ It did not address environmental impacts, even 

which environmentally sensitive areas were going 

to be impacted; 

¢ Her superiors told her that no assessment was 

going to be done on the impacts to ground water 
for the Santos project and the timeframes for the 
Santos assessments were going to be cut short; 

* Key information and conclusions drawn from the 
material were altered or ignored; 

¢ The proponents themselves had a large role in 

dictating the information that went into the report 
and into the conditions, as well. 

Analysis of the following QGC submission was 
apparently even more inadequate - “We were only 

given a matter of days to prepare conditions for that 

report. We were actually not given any time to do any 

reading or assessment of the material. We were just 
instructed to write conditions for QGC”. The staffer 

interviewed was instructed to write the Greenhouse 
Gas assessment - a brief with complex calculations 
and projections - in halfa day. Two of her supervisors 
are now working with the coal seam gas industry. 

A ROLE FOR SCIENCE ORGANISATIONS 
Science organisations that deal with the natural 

environment usually have an implicitly or 
explicitly expressed obligation to support that 
natural environment and the community reliant 
on it. These obligations are expressed in their 
constitutions, charters and mission statements. 

Some examples follow — the italics are mine, as 

are the conclusions drawn. 

CONSTITUTION OF THE ROYAL SOCIETY 
OF QUEENSLAND 
The Society “encourages scientific investigation and 

the application of science, especially as may be relevant 

to the State of Queensland, and seeks to improve 

communication among scientists and the community”. 

In practice, its focus is on the natural sciences rather 
than the social and mathematical sciences. 
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Conclusion: This is an explicit statement that the Royal 
Society of Queensland seeks to increase community 
understanding of science-based issues that impact on 
the community. 

OBJECTIVES, BENEFITS OF THE 
QUEENSLAND ACADEMY OF ARTS AND 
SCIENCES 
Objective 2: To establish the Academy as a Queensland 

hub for independent consultation and advice on issues 
of major public interest in the fields of the Arts and 
Sciences. 

Benefit to the Community 3: Sponsoring public 

lectures on topics of general interest and encouraging 
interest in learning among young people. 

Benefit to the Community 4: Providing valuable 

advice to Governments and to other bodies on matters 

affecting Queensland’s future. (Queensland Academy 

of Arts and Sciences n.d.) 

Conclusion: The QAAS could and perhaps should 
involve itself in the science of environmental issues 

and decision-making that affect Queensland. 

PUBLIC RESEARCH AGENCY CHARTER 
WITH THE AUSTRALIAN INSTITUTE OF 
MARINE SCIENCE 
“2. Encouragement of debate on research issues of 
public interest 

The Government, AIMS and its researchers have a 

shared responsibility to encourage debate on scientific 

and other research issues of public interest. The open 
exchange of knowledge ensures accurate information 

and soundly based expert opinions are available to the 

community and to the Government as an input to its 
policy making processes. To this end, it is essential that 
those who have expertise in the areas under debate are 

able to communicate new ideas and to infuse public 
debate with the best research and new knowledge. 

(Australian Government Department of Industry 2013) 

Conclusion: This is an explicit statement that AIMS has 

a responsibility to communicate their considered views 
on relevant environmental issues to the community. 

OBJECTIVES OF THE 2010-2015 STRATEGIC 
PLAN OF THE AUSTRALIAN ACADEMY OF 
SCIENCE 
“7. To provide forums for discussion and debate, 

publications and balanced, expert information 
on scientific issues of national significance and/ 
or community concern.” (Australian Academy of 
Science n.d.) 

Conclusion: The AAS could involve itself in the 

science of environmental issues affecting the 
Australian community, but could legitimately avoid 

involvement in state or local environmental matters, 

or in the environmental decision-making process. 

POLICY ON PUBLIC COMMENT BY 
CSIRO STAFF 
Policy statement 1. Scientists are CSIRO’s frontline 

communicators. They are encouraged to communicate 

the outcomes and implications of their scientific work 

and, where relevant, policy options and scenarios 
stemming from their scientific findings. 

Policy statement 3. CSIRO staff should not advocate, 
defend or publicly canvass the merits of government 

or opposition policies (including policies of previous 

Commonwealth governments, or State or local or 

foreign governments). (CSIRO 2013) 

Conclusion: CSIRO in its public utterances cannot 

directly endorse or criticise the environmental views 
or policies of any political party — past or present. 

However, what it can and should do (according to 

Policy Statement 1) is address the environmental 

outcomes and implications of its own work and 

the policy options and scenarios stemming from 

the findings of its work. This can be done in the 
abstract, without specific reference to the policy of 
any political party. 

CONCLUSIONS 
In Queensland (and doubtless in other states and 

countries), the trend line of environmental health 

is downwards, because of the impact of partisan 
adversarial politics on environmental legislation and 
administration, an under-resourced and _ politicised 

public service and interference by politicians and 
outside forces in environmental decision-making. 

It is time for science organisations to examine their 

constitutions, charters and mission statements to 

remind themselves of any obligations that they have 

to their communities and to the natural environment. 

Where a science organisation (such as the Royal 
Society of Queensland) has the relevant knowledge 
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Image 2: A call to Science organisations to serve their 

State’s environment 

and expertise to come to a reasoned viewpoint on 
important current environmental issues that will affect 
the community in which it resides, it should do so—and 
if it has a stated obligation to serve that community, it 

should communicate that viewpoint (and the rationale 

supporting that viewpoint) to that community. 

The setting and application of environmental policy 
will be improved when science organisations (such as 
the Royal Society of Queensland) lend the gravitas of 
their names and the quality of their knowledge and 

expertise to the important environmental issues of 

their community — not to do so is to fail the community 
that supports them. 
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INCREASED COMPLEXITY IN FIRE MANAGEMENT RAISES 

PRACTICAL RESEARCH QUESTIONS 

WILLIAMS, P. R. 

Advances in fire ecology knowledge have been made across Queensland in the last decade, particularly 

due to fire regime guidelines created by several state organisations. However, there remains limited 

information about how best to implement burns across a landscape containing a mixture of ecosys- 

tems with differing fire requirements; and in ecosystems altered by invasion of multiple weeds or an 

overabundance of native saplings. Future research should target these practical issues by trialling the 

results from different ignition techniques; evaluating fire regimes that contribute to the management 

of various weeds and of fire programs that restore, as required, a native grass cover where vegetation 

thickening has occurred. 

INTRODUCTION 
Improving the use of ecologically appropriate fire 

regimes is considered a key outcome for building 

ecosystem resilience in Australia (Commonwealth 
of Australia 2010). The purpose of this commentary 
is to focus research attention onto the complexity 
of fire management issues faced by land managers. 

Three issues are discussed: fire management that 

accommodates the management of weeds with 

conflicting fire responses; burning altered ecosystems 
containing an overabundance of native saplings; and 

implementing fire programs that fulfil the multiple 
requirements of mixed ecosystem bushland. 

Several Queensland organisations have put 

considerable thought and effort into providing 
guidance for fire management of natural 
ecosystems (e.g. Melzer et al. 2008; South East 

Queensland Fire and Biodiversity Consortium 
2014: Queensland Bushfire Consortium 2014; 

Queensland Rural Fire Service 2014; Queensland 

Herbarium 2014). These reviews and guidelines 

have progressed fire management knowledge 
across the state considerably, by providing 
information on fire regimes that incorporate a 
range of issues relevant to native ecosystems. 
These various resources have dramatically 
increased awareness and available information on 

fire ecology, including fuel loads of native grasses, 
appropriate fire intervals relating to fire killed 

native shrubs, and the influence of fire season, 

intensity and patchiness on ecological outcomes. 

Determining an approach to fire management in unhealthy 

or altered ecosystems is difficult because of the potentially 
conflicting effects of fire on different issues. There is 

currently less information available about fire management 
in altered ecosystems than there is regarding healthy intact 

ecosystems. To address this, and provide practical tactics 

and targets for burning, QPWS has recently developed 

Fire Guides for each bioregion across the state (e.g. 

QPWS 2013). These guides, initially piloted in eucalypt 

forests of south-east Queensland (Kington et al. 2008), 

provide a much needed bridge between recommended 
fire regimes for broad ecosystems and the practical 

issues facing the implementer of fire programs. Even so, 

these fire guides highlight the knowledge and skill gaps 
that need addressing to improve our fire management in 

altered ecosystems. 

There are two related issues of vegetation change 

that have significant impacts on fire management in 

eucalypt forests and woodlands, which should be the 

target of further research in Queensland. These are the 
presence of weeds and native sapling thickening. Both 
of these issues affect the vegetation response to fires 

and therefore should be considered by land managers 

when planning and implementing fire programs. A 

third practical issue faced by land managers is how 

to implement a range of different fire regimes across 
mixed ecosystems within the same patch of bushland. 

WEEDS 
Weeds are now well established through most 

ecosystems of Queensland. Through their impact 

on fuel load and flammability, weeds can alter each 

aspect of a fire regime. Fire intensity is increased 

by high biomass grass weeds, such as gamba grass 
(Andropogon gayanus), para grass (Urochloa mutica) 

and guinea grass (Megathyrsus maximus), and can kill 

trees that survive fires fuelled by native vegetation 
(Rossiter et al. 2003). 
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The frequency of fires can be affected by weeds 

because they can re-establish fuel loads rapidly to 

carry frequent fires. Alternatively weeds, such as 
lantana (Lantana camara), can decrease fire intervals 

by smothering natural grass layers. Even the timing 

(i.e. season) of burning can be affected by weeds. 

This is especially the case where a dominating weed 
cures earlier or later than the natural vegetation, 

or where woody weeds such as lantana inhibit the 

implementation of early burns by shading out the 

natural grass layer, reducing the ability to light fires 
under mild conditions. This can make early season, 

firebreak-burning difficult to implement, reducing 

the ability to protect properties from intense wildfires 

later in the dry season. 

Fire can affect the abundance of weed populations. 
Rubbervine (Cryptostegia grandiflora) is quite 

sensitive to fires, so that burning is an important part 

of its control (Bebawi & Campbell 2002). Fires can 
kill a proportion of para grass plants, re-opening water 
channels in seasonal wetlands, allowing native plants 

to prosper (Williams et al. 2011). 

The populations of some weeds are reduced by 
specific fire regimes. For example, a series of fires 
can lessen the dominance of lantana and Siam weed 
(Chromolaena odorata) by killing a small proportion 

of plants, including seedlings, and pushing large plants 

back to small ground-level coppice shoots (Williams 

et al. 2004). Molasses grass (Melinis minutiflora) is 

a perennial that may be managed by very short fire 

intervals because fire can kill a proportion of mature 

plants, with a follow up fire killing subsequent 

seedlings before they produce too many seeds 
(Williams & Bulley 2003). 

However, the same fire regime that controls some 

weeds may promote others. Frequent burning 
that may reduce lantana populations can increase 

the populations of annuals and other short lived 
weeds. Lion’s tail (Leonotis nepetifolia) and grader 
grass (Themeda quadrivalvis) are examples. The 

populations of perennial weeds that re-shoot after fire 
plus have abundant seed germination, such as guinea 

grass and thatch grass (Hyparrhenia rufa), can also 
increase considerably after burning. 

Research is required to improve our understanding 

of the fire responses of different weeds. This should 
include better knowledge of different intervals, 

season and frequency of fire on weed species, and 

the interactions of mixed fire regimes on weeds. For 

example, there may be a combination of fire intervals, 

such as a long interval followed by two fires in quick 
succession, that reduce the populations of a range 

of weeds. Also, land managers require the skills 
to implement fire programs with multiple ignition 

strategies and dates within a single area, so that 
unburnt patches and areas of low and high intensity 
can be implemented in the one area without the need 
for creating artificial breaks. 

HIGH SAPLING ABUNDANCE 
The removal of regular fire from eucalypt forests 

is thought to contribute to declining forest health, 
including small tree and shrub thickening (Jurskis 
2005). An example is the Bell miner associated 
dieback of eucalypt crowns in moist eucalypt 

forests of NSW and southern Queensland. While 

more evaluation is required, this dieback is thought 

to be linked to the absence of regular fire, allowing 
an increase in the mid strata density of native and 

weedy shrubs, and an associated increase in nitrogen 
mineralisation. The high nitrogen content in eucalypt 

leaves is correlated to high psyllid densities and 
subsequent eucalypt crown damage (Steinbauer et 

al. In Press). Bell miners are thought to prefer the 

dense shrub layer of infrequently burnt forests and 

aggressively defend their territory from other birds 

that are better at controlling psyillid densities (Jurskis 

2005; Wardell-Johnson 2005). 

A mix of vegetation structure across a landscape 

is likely to benefit flora and fauna communities. 
Unfortunately there are considerable areas of local 

eucalypt forests and woodlands that contain high 

densities of tree and shrub saplings in the mid strata 

(i.e. in the 2 to 8 m height range) that have increased 

to the exclusion of native grasses and herbs. This 

is particularly true of some wattles, such as Acacia 

flavescens and A. disparrima, and she-oaks, especially 
Allocasuarina littoralis. 

Dense wattle and she-oak mid strata reduce the 
abundance and diversity of grass and herbs in many 

eucalypt woodlands and it is the grass layer that 
typically contains much of the plant diversity of the 
eucalypt communities. A dense mid strata also affects 

the ability to implement ecological fire programs, 
by reducing grass cover and restricting the ability to 
implement mild grass-fuelled fires. QPWS (2013) 

recommend that the early signs of broad scale mid 

strata thickening in the eucalypt forests should indicate 
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a priority for burning before “thickening progresses to 
a point where planned fire is no longer viable”. 

Irrespective of the ecological pros and cons of sapling 

thickening, we are not yet clear on its cause and do 
not know the most appropriate fire regimes that can 

return a ecosystem back to more grassy ecosystem, 
when required. The most likely cause of over abundant 
saplings is thought to be a high intensity fire (often 

a wildfire) and/or a fire in the driest time of year, that 

promotes abundant germination of wattles and she-oaks, 
followed by an absence of fire for many years that allows 

them to grow into a dense mid strata (QPWS 2013). 

Important fire management issues related to increased 
sapling densities include the type of fire required 

to reverse the thickening (such as timing, weather 

conditions and ignition pattern) and the regenerative 
response of different shrubs and small trees. For 

example, Allocasuarina littoralis plants have a 

high proportional mortality where their crown is 
completely scorched, whereas some wattles have high 

plant survival after full crown scorch, but are reduced 
to ground level coppice shoots. There is a need to trial 

different ignition techniques and timing of fires to 
determine the most useful fire regime to reverse mid 
strata thickening. Fires that are too intense are likely 
to promote further dense wattle recruitment. In this 

situation a follow up fire within a few years may be 

required to thin those seedlings before they become 

fire tolerant. 

FIRE MANAGEMENT ACROSS A 
LANDSCAPE OF MIXED ECOSYSTEMS 

Land managers are faced with bushland areas 
containing a mixture of ecosystems that differ in the 
preferred fire regime. It is not uncommon to have 

small patches of rainforest and heath intermixed 

within a broader eucalypt woodland landscape. 

Appropriate fire management might involve regular 
fires of mixed intensity, season and patchiness in 

the eucalypt woodlands, longer fire intervals in the 

heath and fire protection for the rainforest patches. 
Implementing a fire program that meets these different 
requirements requires skills in ignition techniques 

which create burnt breaks for fire protection, plus 

low and high intensity fires. Research is required to 

refine our understanding of the timing and ignition 

patterns that can achieve these outcomes, including 
a greater knowledge of spot ignition versus line 

ignition and multiple ignition dates that can create 
the different fire patterns required. 

CONCLUSION 
Most eucalypt woodlands and forests in Queensland 

have some degree of weed invasion and/or changes 

in mid strata structure. This adds considerable 
complexity to fire management. Implementing 
a fire program across a landscape with multiple 

ecosystems and fire issues requires considerable 

skills and knowledge of local fire behaviour. While 
some excellent guidelines and resources have been 

produced to help fire managers in recent decades, 

further consideration and research is required to 

determine appropriate fire management in altered 
ecosystems and multi-ecosystem landscapes, where a 

composite of fire regimes is needed. 

Specific research questions that require attention include: 

1. Determining fire strategies in the management of 
weeds with differing fire responses. 

2. Tabulating the fire response of the different 

shrubs and trees that make up mid strata sapling 
thickening. In particular, of species that regrow 
after fire: at what height or age are saplings of 
different species able to epicormically resprout 

from branches to maintain height compared with 

being forced to ground level coppice shoots? 

3. Whether burning in a particular season or with 

low soil moisture influences sapling recruitment 

over grasses. 
4 Refining ignition technique (length of ignition 

line and speed of ignition, conditions under which 
fires are ignited, and timing of multiple ignition 

dates) so that different fire intensities can be 

implemented in the same area to suit the differing 

fire requirements. 
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IF ONLY BENEFIT COST RATIOS WOULD BE HEEDED 

EDWARDS, G. 

Advocates of public spending on transport infrastructure such as Infrastructure Australia emphasise the 

importance of ensuring that project proposals are subject to rigorous benefit-cost analysis. Published 

assessments of recently announced road projects indicated ratios only marginally above 1.0. Yet sci- 

entific research on average has been shown by orthodox economic analysis to yield benefits more than 

AO times their cost. 

Projects that facilitate growth in petroleum fuelled transport are vulnerable to rising costs of fuel as 

global production of crude oil plateaus and then commences its terminal decline — the inflection point 

probably having occurred not later than 2008. 

Transport infrastructure then will not be an engine of economic growth or prosperity, but will drive 

Australia’s economy into a dead end. Scientific research, on the other hand, can generate knowledge 

and insights that can prepare Australia for an uncertain future, but in 2014 is being starved in favour of 
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terminal hard infrastructure. 

INTRODUCTION 
Big road projects are exciting. Politicians like them 

because they yield tangible — dare I say concrete — 

results for public expenditure, unlike functions such 
as child protection or education which have long 
lead times and diffuse outcomes. Motorists like them 
when, for example, a dozen frustrating traffic lights 
are replaced by a strip of uninterrupted freeway. 

Business likes them because they facilitate the flow 

of goods that are essential inputs to or outputs from 

their enterprises. 

Once a new road project is mooted, a wide range 

of professions and trades collaborate in well-known 

procedures to make it happen: industry lobby 

groups, finance brokers, engineering consultants, 
lawyers and construction companies. So suggestions 

for new projects quickly gather supporters. This is 

not surprising, as through tolls, road projects can 

deliver cash flow. 

THREE FORMS OF INFRASTRUCTURE 
No such powerful coalition of beneficiaries works 

together to ensure that public goods such as scientific 

research and pollution control are adequately funded 

—as the benefits of these forms of infrastructure are 
vegemited far and wide. Also, scientists employed in 
public authorities are forbidden to lobby publicly — 
avenues such as business dinners and opinion pieces 

in the business press, used repeatedly by the captains 

of industry to push the claims of the construction 
sector, are simply not available to public servants. 

When describing himself as an “infrastructure Prime 

Minister”, Tony Abbott has so far confined his 
attention to “hard” infrastructure such as roads and 
ports. This is a very narrow definition of the facilities 

and services needed to underpin prosperity. It is more 
useful to identify three forms: 

1. “hard” infrastructure such as transport — roads, 

railways, ports — energy facilities such generating 

stations and wires, communications hardware 

such as cables and water grids; 

2. “soft” infrastructure such as scientific research, 

information systems and education; and 

3. “green” infrastructure such as the natural resources 
on which all economic activity ultimately depends. 

Prime ministerial announcements of funding for road 

projects came thick and fast around 2014 budget 
time: $1 billion to upgrade the Brisbane Gateway 

Motorway, $3.5 billion package for roads in western 

Sydney, $1.5 billion for WestConnex, $3 billion for 

East West Link in Melbourne... 

Contrast this generosity with the parsimonious 

approach to funding science. Reportedly CSIRO, our 

peak scientific research organisation, will be forced to 

shed 400 staff and $80 million has been cut from the 
Cooperative Research Centres over four years. 

This recent knee-capping comes on top of last year’s 

reported loss of more than 400 staff. If Australia is to 

generate new-economy enterprises to transition from 

a quartry-based economy, it must fund bodies like 
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CSIRO and State government science departments as 

investments, not costs. And the funding must be long 

term, not stop start which plays havoc with equipment 

planning and staff disposition. 

BENEFIT COST RATIOS 
If we compare forms of infrastructure on the basis of 
benefit cost ratios, which measure a project’s ability to 

create economic value, roads come out very poorly. In 
principle, a benefit-cost ratio greater than 1.0 indicates 
that the project creates economic value. Benefit-cost 

analysis is replete with assumptions but it is the 
mainstream economic tool used to assess projects, so 

it is legitimate to use it to compare alternative uses of 

public moneys. 

Published figures for most of the recent prominent 
roadworks indicate that they scarcely create enough 

economic value to be worth constructing. The Airport 
Link and Clem 7 tunnels in Brisbane could not even 

pay the interest on their debt. WestConnex in Sydney 
is estimated to return only 1.5 times its cost and for the 

NorthConnex tunnel in Sydney, first estimates were 
that it will destroy economic value — benefit cost of 

only 0.75. East West Link can demonstrate only 0.45. 

On the other hand, publicly funded research grants 

have been calculated to return benefits 40 times their 

costs, as the Productivity Commission found in 2007 

after reviewing more than 100 case studies. 

Repeat, forty to one. 

A recent commissioned report by SGS Economics 

estimated that health libraries produced $9 of value 

for every $1 invested, noting the time saved by 

medical practitioners hunting down findings from the 

latest research. 

Other studies estimate that education generally — 
social infrastructure — pays society back some 15 

times for the money invested in skilling its people and 

diverting them from welfare. 

Why would any Treasury allow a_ project 

proponent to get past the receptionist if they 

cannot demonstrate economic returns matching 

these knowledge-based activities? 

PEAK OIL 
It gets worse. To the extent that new roads facilitate 

commuter traffic, they are not a driver of productivity 

but a form of dead-end consumption. Major transport 
projects facilitate or anticipate exponential growth in 

the movement of goods and people using petroleum- 

fuelled vehicles. 

Peak oil (the date at which supply cannot be increased 

further to meet growing demand) is an intertwined 
problem of economics and geology. Yes, economics 

can slow or hasten the rate of extraction of a non- 

renewable resource, up to a point; but it cannot hasten 

the rate beyond that which geology will permit. 

Will price signals constrain demand to match supply? 

Yes, they will and arguably are already doing so 

(the price of petrol has arguably been a factor in the 

financial collapse of the Brisbane and Sydney road 

tunnels). The problem for planning is the forward 

lag time. Price signals will kick in only at or after 

peak, because until then, by definition, supply can be 
increased to meet demand. Peak is too late to unwind 

physical infrastructure built on the assumption that 
there will be no shortage of supply. Engineering for 
a world in which petrol and diesel are expensive 

should have commenced three decades before peak, 
because of the lifetime of physical assets constructed 

to facilitate anticipated volumes of traffic. 

This did not happen. Warning signals have been 

ignored. Peak oil is now upon us. The precise date is 

difficult to pin down as data from the Middle Eastern 
OPEC countries are unreliable, and definitions vary 
between observers. There is strong evidence that 
global production of conventional oil peaked in 

2006 and global production of conventional oil plus 
variants such as condensates from gas plants peaked 

in 2008. The shale oil program in the United States 
has probably flattened the peak and may have pushed 

these dates forward by a few years. 

Scepticism about peak oil centres on expectations that 

large resources of unconventional oil such as tar sands 
in Canada and oil shale near Gladstone and elsewhere 

can be brought online to supply petroleum fuels. 

These large resources however will not be monetised 
at a rate sufficient to affect the timing of peak, partly 
because they will fall foul of global carbon initiatives 

(excessive carbon emissions to extract the oil); and 

partly because the energy profit ratio is too small. 

The opportunity cost of burning natural gas and diesel 
fuel to extract oil with an energy profit of only two or 
three to one is too great and planners will seek better 

solutions for transport. 
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Even the most optimistic economists have conceded 

that the rate of peak production will occur by 

2035 — the resource is not renewable and is clearly 

depleting. The time to commence shaping long-life 
infrastructure around a peak of 2035 is 10 years ago. 

The problem is accentuated if peak arrives earlier 
or has already arrived — and we will not know the 

precise date except in retrospect. 

WHY JIS THE GEOLOGICAL AND 

PRODUCTION EVIDENCE SO WIDELY 

IGNORED? 

The private sector will generally not adequately 

factor the risk of peak oil and rising oil prices into 

project planning. There are several reasons for this. 
The cultural explanation is technological optimism: 
faith that science or business or engineering 
will find a solution so that economic growth can 

continue as it always has. 

More fundamentally, there is a theoretical weakness 
in orthodox (neoclassical) economics: the market does 

not recognise absolute scarcity — scarcity outside the 

arena being modelled. There is indeed an absolute 
scarcity in atmospheric sink capacity and an absolute 

scarcity in geological stocks of liquid hydrocarbon 

fuels. Orthodox economics tends to claim that the 
market will find a solution to supply of a natural 

resource if the price is adequate. However, this is 

not happening. Economists should be challenged to 
explain why oil prices are now hovering around $100 

per barrel, only a few years after ABARE confidently 

predicted that the price would remain at $20 per barrel 

for another couple of decades. 

If the supply is difficult to bring forward, for 

geological or engineering reasons, the price necessary 

to dampen demand in line with supply may be so high 
that it sends a wrecking ball through the economy. 

Peak oil is a phenomenon separate from that of climate 
change. It is quite possible that peak oil will operate 

more swiftly and sooner than climate change. Each 
is sufficiently powerful and sufficiently imminent 

to render any major piece of road infrastructure 
constructed after about 2000 a stranded asset. 

Market economics is a_ social construct and 

cannot prevail over the First and Second Laws of 

Thermodynamics which are absolute. The lack of 

policy attention paid to peak oil in the Western world 

demonstrates that yet again, the cautionary evidence 

from science is being overlooked in favour of the 
cornucopian assumptions of economics. 

CONCLUSIONS 
It is not simply the cost to the States’ or national 

budgets that is of concern when so much money 
is funnelled to transport mega-projects, but 

the foregone opportunities to build capacity 

throughout the economy. 

Given the rhetoric by governments of both major 

persuasions that cuts to expenditure are necessary to 
balance budgets, one would expect that the first items 

to be scrapped would be construction projects with a 

benefit cost of less than say 5 to 1; while knowledge- 
based services that pay for themselves over and over 

again would be the most vigorously defended. 

Why on earth do our governments reverse this logic 

by nourishing the private infrastructure sector and 
starving the science agencies that by any measure are 

serving the public interest? 
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I will briefly review the achievements of the year, 
set out against the expectations announced at the 

previous Annual General Meeting in June 2013 and 

also outlined in the first President’s Newsletter of 
September 2013. 

WEBSITE 
The Society’s website was re-established in December 

2013, with the assistance of consultant David Marlow 

who gave generously of his time. It is built upon the 

website of the Royal Society of New South Wales, 

whose generosity in providing the code free of charge 

is appreciated. The Internet service provider selected 
has granted us unlimited storage capacity which will 

allow us to build up a comprehensive Science Library 

in due course. We also have the capacity to run a 

“blog”, an interactive opinion page, but this will need 

to be moderated. 

PROCEEDINGS 
The publication of the Proceedings remains a 

primary role of the Society and is widely appreciated 

by members. This tradition continued in fine form 

with excellent articles published in edition 118 and 

I thank Editor Dr Tanya Scharaschkin, typesetter 

Rennie Fletcher, and printer LitSupport for their 

smooth coordination of the production process. The 

ground work has also been laid for another substantial 
achievement in edition 119. 

A number of members have offered to assist with 

reviewing or editing manuscripts. I invite all members 
and scientists everywhere to consider bringing to 

daylight any potential articles or data that could be 
worked up by a co-author or silent volunteer into a 
successful research article or short communication. 

Council member Ben Lawson has _ diligently 
pursued successive applications to digitise previous 

Proceedings to make them more accessible to a 
worldwide audience. His persistence has paid off 
with a grant of $11,550 received recently from the 

Queensland Government Gambling Community 

Benefit Fund. A commercial contractor has been 

selected and the work is now underway. The project 

will make the entire collection of the Proceedings of 
the Society and special edition monographs available 
in searchable text format. It is planned that the Society 

will provide free access to issues prior to 1955, and 

later issues available through journal download sites 

which will provide a modest stream of revenue to the 
Society through copyright fees. 

RESEARCH FUND 
A little more than a year ago, the Central Queensland 
Koala Volunteers approached the Society with a view 

to donating funds for the purpose of establishing a 
research trust that would see their conservation work 
continue beyond their own capacities. I acknowledge 

the excellent pro bono assistance of Sparke Helmore 
lawyers of Newcastle who arranged a tax-compliant 

trust deed in time to allow the Governor of 
Queensland, Her Excellency Ms Penelope Wensley 
AC to launch the Royal Society of Queensland 

Research Fund at a well-attended seminar on 13 

June 2014 in the Queensland Museum auditorium. 

The nominal Founder Ms Carmen Drake, fellow 

volunteers and organiser Dr Alistair Melzer were 

present to meet the Governor. 

The Royal Society has matched the Koala Volunteers’ 
initial donation and the fund is now open for 

contributions. The Society will promote the fund as 

soon as the Australian Taxation Office has granted 

deductibility. Volunteers are now sought to seek 
out potential donors, prepare publicity material and 

mentor potential grant applicants. 

ADVOCACY 
Advocacy on behalf of science and scientists is 

becoming a priority for the Society. An article from 

the Society has been published, by Queensland 
Country Life on stewardship incentives to 
pastoralists in the inland. 
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Cutbacks to science at both federal and State levels are 
concerning — a second round of cutbacks at CSIRO, 

squeezing of the Australian Research Council, loss of 

Queensland Government scientists and support staff, 

absence of a Commonwealth Minister for science, to 

mention only a few recent examples. The apparent 

public acceptance of these regressive attacks on 

the scientific infrastructure of our country is also of 
concern. I have seen very little commentary apart 
from one article by the Chief Scientist of Australia. 

Of course, public servants and officers of CSIRO 

cannot publicly enter this debate but there are other 

organisations such as the unions and the Institute 

of Public Administration Australia who one would 

expect would be protesting loudly. The Society will 

continue to attempt to gain public exposure for a pro- 

science platform in the Society’s name. 

CONSTITUTION 
Council has agreed on draft amendments to the 

Constitution, which have become necessary because 

of establishment of the Research Fund, changes in 
technology (the rise of email and electronic banking) 

and changes within the community (dispersed 

involvement in voluntary organisations). 

Attention is drawn to the broad scope of the Society’s 

objectives — a non-exclusive definition of “science 

and the application of science” is proposed to be 
maintained. The rise of specialist societies (in many 

cases derivative from the Royal) has diluted our 

claim to speak on behalf of science generally, but the 

principle remains valid. 

A formal motion to change the Constitution will be 

sought at a subsequent meeting of members, after 

advice has been received from the lawyers. 

NORTH QUEENSLAND 
Newmember Prof Peter Leggat of James Cook University 

has generously agreed to assist in coordinating activities 
for members in North Queensland. At his instigation, the 

Society has offered two prizes for students participating 
in a competition under the banner of the November 
Festival of Life Sciences. 

MEETINGS 
During the year in review, the Society held two 
general meetings (2 December 2014, 28 February 

2015), one inspection (Queensland Museum, 2 April 

2014), one seminar (13 June 2014) and one discussion 

circle to follow up the issues raised during the plenary 
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discussion at the seminar (21 July 2014). The general 
meetings were constructive and well-received but the 
formats could be varied to suit current needs. Scientists 
have many sources of information these days and the 
effort involved in organising even a small meeting 
with refreshments might well be spent in other ways. 

OVERVIEW 
In summary, the Society is in good health and good 

spirit at the present time, with a depth of the goodwill 
existing amongst the Councillors and members. 
The continued involvement of long-standing 

members including several present at this AGM is 

very much appreciated — their involvement in the 

Society’s affairs adds corporate memory, stability 
and perspective. It is gratifying that a considerable 

number of members have volunteered to review 
manuscripts or assist with special events and some 
of those offers are now being taken up. 

The financial situation is a matter of concern. Our 
operations this year have continued only by drawing 
down reserves. The membership fees do not cover 

even the cost of sending the Proceedings to every 
member. Clearly, we will need to seek sponsorship or 
co-hosts for future events. 

Nevertheless, members should be optimistic about the 

outlook for the Society in the next 12 months. With a 

number of worthwhile initiatives on our agenda, and 

the addition of several new members to the roll, the 

future for the Society seems very positive. 

Geoff Edwards 

President 

25 August 2014 
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PRESIDENTIAL ADDRESS, ANNUAL GENERAL MEETING 

EDWARDS, G. 

Environmentalism and science are two very different 

though overlapping fields of human endeavour. Central 

to environmentalism is an affinity with the natural 

world that lies outside rational calculus. Critics call it 
“emotional” but it is better termed “experiential” and 
has its roots in personal exposure to the wonder and 

beauty of nature. 

Scientific method, however, requires that its 

practitioners set aside their subjective feelings 
about the natural world when conducting research. 
Scientific inquiry proceeds by rational pitting of 
clinical observations against hypotheses in a never- 

ending search for causation. Many scientists have only 
disdain for environmental campaigners — geologists 

for example are well represented in the ranks of 
those who regard the earth’s natural systems as more 

resilient than environmentalists concede. 

Yet environmentalism and science overlap. On the one 

hand, environmental activism has a solid foundation 

in scientific knowledge of condition and _ trend: 
concern that the natural world is suffering continuing 
damage and that its protection requires action by our 

current generation. Without that basis in established 
knowledge, environmentalism would be classified as 
art or poetry or nostalgia — legitimate, but difficult to 
explain in rational and particularly in economic terms. 

On the other hand, scientific knowledge often leads 

to environmental activism. Knowledge of the damage 
that natural ecosystems are suffering has led natural 
scientists to become progressively more alarmed, 

as much of the deterioration is accelerating, some 
is irreversible and human well-being is now being 
threatened, across all countries. Climate change is 
only one of a raft of worsening signs of environmental 
distress. Fisheries are collapsing, plastic waste is 
accumulating in the oceans, cane toads are advancing 
and bore-fed irrigation is running on borrowed time. 
Environmental scientists are near-unanimous that the 
life-support systems of humans are in peril. One need 

read just a single volume, the Millennium Ecosystem 

Assessment 2005, to realise that the scientific basis for 

alarm is broad and robust. 

Scientists have of course done more than simply 
document deteriorating environmental — trends: 

they have also applied their expertise to causes, 

interconnections and remedies. The other day I 

browsed through a list of books issued by CSIRO 
Publishing and available at sale prices pending 
relocation of their Melbourne office. On my computer 

screen the list took more than 50 pages, with titles 
ranging from Living with Fire: People, Nature and 

History in Steels Creek and Practical Straw Bale 

Building to The Action Plan for Australian Birds 

2010 and Transitions: Pathways Towards Sustainable 

Urban Development in Australia. 

Yet precious little of this scientific knowledge of 
environmental matters is infusing public policy. There 

is a remarkable disconnect between the rate at which 

scientific innovations in say electronics are taken up 

by society — gadgets three years old are nowadays 

deemed obsolete — and the rate at which insights from 
the natural sciences are embedded in expressions 

of policy such as regulation, public budgets and 

importantly, statements by political leaders. Years can 
pass before incipient problems identified by scientists 
migrate into political consciousness. 

Given the scope and depth of the scientific evidence, 

the question arises as to why governments in 

Queensland and nationally are taking so little notice of 
the scientific warnings and are even regressing many 
of the hard-won advances made in environmental 

policy over the past four decades. In this address I wish 

to offer evidence of the problem then several possible 
explanations for the blind spot that governments seem 

to have for science-based environmental warnings. 

SKIRMISHES WON 
Nothing here is intended to diminish the sense of 

achievement that environmental activists should feel 

at their many successes. These include the major 
expansion of the national park estate in the 1990s; 
cessation of broadscale vegetation clearing around 
1999: the Healthy Waterways scorecards that have 

highlighted the poor condition of many rivers and 
estuaries in South East Queensland and the sources of 
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the pollutants; the installation of solar panels on roofs 
— approaching 30% penetration of Brisbane homes; 
the designation of the Great Barrier Reef as a World 

Heritage Area; to mention just a few. One can have 
only praise for the activists who have lobbied publicly 
for these advances and the public servants who have 

facilitated them anonymously behind the scenes. 

Some, such as the expansion of the national park 
estate chronicled in the memoirs of Past President Paul 

Sattler summarised in this very issue, are towering 
achievements that would seem to transcend the label of 
“skirmish”. But when an incoming government fifteen 

years later announces moves to dispose of some of the 

pastoral stations purchased under that program, or 
open them to agistment, one can conclude that while 

the scientific justification for the program was solidly 
grounded, the political roots have remained shallow. 

LOSING THE WAR 
Certainly, on a broader canvas, environmental 

thinking is not mainstreamed. Recent evidence can be 

seen in the absence of official concern over peak oil; 
Australia’s increasing dependence on imported fossil 

fuels to power its transport; cutbacks to the staff of 

CSIRO; the appalling quality of analysis published 
by the Commonwealth (National Food Plan, Energy 
White Paper, National Infrastructure Plan); in 

Queensland the preferencing of coal mining and coal 
seam gas above other land uses; and, most notoriously, 

the abolition in 2014 of the price on carbon instituted 

by the previous national government. 

The regressive nature of contemporary governments’ 

approach towards previous environmental reform is 

afflicting all States. Victoria is moving to open the 

Alpine National Park to cattle grazing and to roll back 

Melbourne’s green wedges which have been settled 
planning policy since 1971 and earlier; New South 
Wales is endeavouring to open some national parks 

to shooting; Western Australia has not given up its 

desire to industrialise pristine James Price Point; and 

the incoming State Government in Tasmania has re- 
ignited the timber wars. 

I was a founding member of the Conservation Council 

of Victoria in 1972 and recall a number of campaigns on 
issues that to this date have still not been embedded into 

policy. We showed then that taxpayers were subsidising 

woodchipping of native forests for export — nowadays 

taxpayers are bailing out the entire industry. We were 
concerned then about population growth — nowadays the 
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national government pays couples a baby bonus. We were 

concerned then about reliance on freeways to ease traffic 

congestion — now the Prime Minister proudly announces 

that he wants to be known as the “Infrastructure Prime 

Minister”, with infrastructure primarily meaning roads. 

We were concerned then about demand management 
for electricity — thirty years later, energy retailers were 
disaggregated and commercialised, with a mandate to 
make themselves profitable by selling more electricity. 

CAUSATION 
In searching for the reasons why scientific insights 

have been taken up so slowly in the environmental 
field, it will be helpful to differentiate immediate 
from longer-term influences. Every event, every 

phenomenon can be explained in terms of multiple 

layers of causation: 

Proximate causes — triggers — the immediate acts or 
individuals responsible for the outcome. 

Intermediate causes — motives — the underlying 
driving forces that animate the key participants and so 

act as preconditions for the event. 

Cultural causes — values — the mindsets or attitudes 

or world views of a society or its leadership class that 

are conducive to the intermediate causes and make 

them more likely. 

These layers or levels of specificity are not mutually 

independent but all feed back to each other: 

Triggers 

Motives 

Values 

Public commentary tends to focus on the trigger 
factors, the immediate causes with a lifetime of 

minutes to months. These triggers tend to be project 

or issue-specific and to be publicly prominent. In 
contrast, the underlying motives are not newsworthy 

unless associated with scandal. They have often been 

stewing for years and to shed light on them requires 
research and analysis. 

At deeper levels of conviction, values are rarely 
questioned. An individual’s values or world view 1s set 
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by early adulthood and, especially for self-confident 

leaders, is resistant to contrary evidence. A society 

also holds values — an aggregate of those of its citizens 

— and these are regarded as part of its fabric. They tend 

to change only slowly (over decades), although the 

advent of the Internet and social media has probably 
rendered the public mood more malleable and 

compressed the period required to shift it. 

Take Brisbane’s tunnels. The immediate trigger 

was a Lord Mayor who was trained as a civil 

engineer and prided himself on his can-do outlook 
to government. More fundamental driving forces 
included the plainly obvious daily traffic congestion 
on Bowen Bridge Road and nagging by funding 
brokers and construction companies who presented 

a solution and argued its merits. Longer-term 
values included the public’s general support for 
development projects with tangible outputs — such 

as cranes on the horizon. 

Regressive environmental decisions can easily 

be blamed on individual politicians, such as 
the Redlands Councillors who at the date of 

writing are promoting the redevelopment of 
Toondah Harbour, fought off 26 years ago; or on 
public servants, such as those who drafted town 

planning legislation that makes it difficult to 
refuse any development. But these trigger factors 

are the product of longer-term driving forces. 

Defeating the project or voting out the politicians 

at the next election does not constitute success, 

as the entrenched drivers of anti-environmental 
development remain in place. 

The litany of scientifically regressive policies 

mentioned above suggests that in seeking causes, we 

must look deeper than simply the election of a pro- 

development Premier or Prime Minister. Indeed, a 

trawl through the international literature demonstrates 
that governments in other Anglo-Saxon countries 

are also slow to adopt pro-environment policies 

or are reversing previous gains. The failure of the 

Johannesburg Earth Summit, ten years after the first 
Earth Summit in Rio De Janeiro, to achieve notable 

advances in environmental policy and the failure of 
the Copenhagen Climate Change Conference in 2009 

are just two examples. 

In this address I will focus on two intermediate 

driving forces and two more fundamental value sets, 
all inter-connected. 
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BUSINESS ACCESS — INTERMEDIATE CAUSE 
It is not difficult to find evidence of the undue influence 

that leaders in the business sector are having over 
public policy. Just four examples will demonstrate 

the point: the appointment of a prominent climate 
sceptic (Dick Warburton) to review the federal 

government’s Renewable Energy Target scheme; 

the appointment of a prominent climate contrarian 

(Maurice Newman) to head the Prime Minister’s 
Business Advisory Council; the appointment of 

representatives of the Business Council of Australia 

to compile the national 2013-2014 Commission of 

Audit; and the habit of both major political parties to 

hold fundraising “business dinners” at which access 
to senior ministers can be bought. 

To my knowledge there is no comparable dialogue 
between either the Queensland or national 

government and scientists or environmentalists. 

These two sectors simply do not have the access and 

therefore the influence of the corporate sector. I have 

cited examples of this lop-sided access in a popular 
article to be published next week in the magazine 
Wildlife Australia. 

THE PRESS — INTERMEDIATE CAUSE 

The advent of social media has not rendered 
newspapers obsolete. The newspapers set the agenda 

for the day’s broadcast commentary including 
talkback radio and weekly television public affairs 
programs. Newspapers remain important, but are not 

serving science well, for two main reasons. 

THE TABLOID EFFECT 
Modern newspapers are under significant financial 

commercial pressure as their business model collapses 
with the advent of free or near-free distribution via the 
Internet. This pressure is regressive for science because 
of the tabloid effect, which causes newspapers to seek 

readers by dragging the standard of commentary 

downwards and the proportion of celebrity gossip 
upwards. The archetypical tabloid lauds the practical 

judgement of the common person as contrasted with 

the ivory-towerism of urban intellectuals. Its heroes 

are grass roots people battling against an uncaring 

remote bureaucracy. Its villains are academics 

and governments, whose quiet achievements are 

quietly ignored and whose mistakes are paraded 
for public scorn. Scientists become targets of this 
uncivil discourse if they dare to present findings that 

contradict the particular newspaper’s stance on the 

particular issue. Every attack on a public department 



104 

or scientific institution weakens the readership’s 

confidence in the ability of the authorities to solve 

problems and this becomes self-fulfilling. 

THE PROPRIETOR’S EFFECT 
There has long been a tradition in Australian 
newspapers that the journalists enjoy editorial 

independence from their paper’s management. 

Evidence is the famous lament by Prime Minister Paul 
Keating that he could not find anyone at Fairfax to 

take a complaint from him when he rang about some 
aspect of its coverage. This tradition has been replaced 

by a new orthodoxy that a media proprietor is entitled 

to use the organs to propagate their own personal 

views; if critics don’t like that, they are free to start 

their own company. This pro-market retort of course is 
disingenuous as the average scientist or other citizen 

who has a point of view or new information to present 
cannot simply start their own media company. 

There have been credible allegations that mining 
magnate Gina Rinehart has purchased a substantial 
shareholding in Fairfax Media with the intention 

of influencing editorial policy. Then there is Rupert 
Murdoch. Murdoch has a dominating influence in 
the media on three continents: in Britain through The 
Times and the tabloids; in the US through Fox News, 

the New York Post and now the Wall Street Journal: 

in Australia through ownership of 70% of the titles 
and especially the flagship broadsheet 7he Australian. 

This influence has been authoritatively documented 

by scholars such as Sydney-based former journalist 

David McKnight in Rupert Murdoch: An Investigation 

of Political Power. 

It is a matter of record that Murdoch’s personal 

view are neo-conservative, a more fundamentalist 

form of the neoliberalism discussed later. The neo- 

conservative agenda includes a vehement anti- 
environmentalism, for a number of reasons, including 
its belief in the undiluted merits of capitalism. In 
Merchants of Doubt Naomi Oreskes and Erik Conway 
have eloquently traced the origins of the anti-science 
limb of this movement to former Cold War warriors 

looking for a new cause after the collapse of their 
previous nemesis the Soviet Union. 

The national broadsheet The Australian has been 

the most shameless in attacking climate scientists’ 

warnings as “hot air’ and giving unwarranted 

exposure to climate sceptics and anti-science cultural 

warriors. The presentation of high quality journalism 
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in its regular supplements on science and education 
does not invalidate this view. 

Certainly not every journalist on every newspaper 
reflects the company viewpoint. There are many fine 

journalists who take issue with each other and with the 

proprietor’s orthodoxy. Brisbane’s “The Courier-Mail 

is a case in point: regular columnists’ opposing views 

about environmental matters can be viewed on facing 
pages of a single issue. 

Nevertheless, my basic point remains. It is impossible 

to present news entirely without bias: even the choice 

of what items to place on the prominent pages is 
an inherently political decision. The tendency of 
proprietors to use their newspapers as vehicles for 

propagating their personal pro-business opinions is in 

tension with vital public interest role of newspapers in 
informing the public about what is going on. 

ECONOMIC RATIONALIST (NEOLIBERAL) 
POLICY — CHANGE IN VALUE 
The economics prism, and a narrow version of 

economics at that, dominates national policy. The 
Commonwealth since 1983 has pursued a reform 
program termed in Australia “economic rationalism”, 

derived from neoclassical (“dry”) economics and 
pro-business neoliberal political philosophy. Paul 
Keating, a reluctant Treasurer, buried himself within 

the Treasury for several months before he took a 
public stand as its advocate. Keating had entered 

Parliament at the age of only 25 and had no alternative 
disciplinary framework with which to critique the 
Treasury’s traditional dry economics. 

From Keating’s ascendancy to the prime ministership 

in 1991 to John Howard’s election loss in 2007, its 

Prime Ministers were previously Treasurers. John 

Hewson had a doctorate from Chicago, incubator of 

dry economics. Peter Costello had no other primary 
portfolio. These senior opinion leaders all pulled 

public policy towards the economistic. 

There were of course also international currents: the 

elevation of Ronald Reagan and Margaret Thatcher, 

economically dry by _ inclination. Neoliberalism 

superseded Keynesianism as the framework for 

international economic policy during the 1970s. In the 
debate for ideas, the University of Chicago school of 
economics gained supremacy with Milton Friedman and 

a number of economics-Nobel laureates who advocated 
small government, privatisation and deregulation. 
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The Australian public has never showed any 

enthusiasm for the economic rationalist project, and 

for example remains hostile to virtually every proposal 

to privatise public authorities. However, after 30 

years of this agenda, advocated by the pro-business 

press as if there were no alternative, there seems 
little doubt that cultural values are shifting in this 

direction. Confidence in governments to solve current 

public problems and confidence in the objectivity and 
independence of scientists is fading. 

Neoclassical economics, now the mainstream sub- 

discipline, at its heart is unscientific. It is based on 
non-falsifiable assumptions that are not continually 

subject to interrogation by experiment, in the way that 

scientific premises are subject. These articles of faith 

include propositions that individuals are perfectly 
informed and rationally self-interested, that society is 

simply an aggregation of individuals and that markets 
trend towards benign equilibrium if governments keep 

out of the way. 

Also, neoclassical economics does not recognise 

absolute scarcity but only scarcity in the 

particular market it is studying at the time. It 

assumes that the natural world is unlimited 

outside the bounds of that market and that there 
are always resources available at a price from 
somewhere else. It holds that the market will 

effectively ration resources before absolute 
scarcity becomes a problem, so economic growth 

(requiring expanding throughput of raw materials 

and energy) can continue indefinitely. But science 
counters that the planet is finite and all natural 

and anthropogenic activity is subservient to the 
First and Second Laws of Thermodynamics. 

Science and economics do not speak the same 

language. By describing itself as a social science, 

it arrogates to itself an aura of evidence-based 
authority that it does not deserve. This makes it 

all the more important that people literate in the 

language of natural science are well represented in 

the echelons of power. 

Nothing in this paper cast aspersions on the skills or 
competence of particular economists, especially those 

in senior executive positions in the public services. 

Probably few practising economists at that level hold 
the unscientific purist views that are criticised here, 
but they are nevertheless visible in any number of 
contemporary policy documents. 
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Public interest redefined 

Neoliberal thought has brought the view that the 

primary purpose of government after national 
security/law and order is to achieve economic 

prosperity. Under neoliberal thought, markets define 
the public interest. People exercise sovereign choice 

in markets so an aim of policy is to bring as many 

natural resources and public institutions as possible 

into a market-friendly format to allow participants to 

choose between competing claims. 

This outlook is profoundly detrimental to science-based 
environmental values. While many elements in the natural 

environment are already under private control, very many 

such as fresh air, rain, the flow of rivers, the biodiversity 

gene pool, scenic amenity and the sea are commons. 
Attempts to commodity them or ignore what cannot be 

commodified are detrimental to the holistic approach to 

natural resource management that science advocates. 

SCIENTIFIC LITERACY — VALUE DEFICIT 
The Australian Academy of Science’s Science 

Literacy in Australia of May 2013 reported that the 
proportion of Australians correctly answering a set 
of simple science-related questions had fallen since a 
previous iteration of the survey in 2010. 

Poor scientific literacy in the general population is a 

matter of general concern. However, among leaders 
in government and industry, it is a matter of serious 
and urgent concern, as a large number of the issues 
now clamouring for policy attention are related to the 
environment and resource use. 

In the federal parliament only about 4% of tertiary- 

educated members have qualifications in science or 

agriculture. Probably most graduates in the pre-eminent 

disciplines of economics, law and commerce have had 
little exposure to natural science since Year 11. 

Every academic discipline imparts a distinctive world 

view to its pupils, myself not excluded. Graduates 

are well served if they emerge with a world view that 

respects the legitimacy of knowledge from different 

fields. But the prevailing managerialist model of 

public administration downgrades the importance of 

content-rich knowledge and elevates the importance 

of economics as the essential discipline for policy 
formulation. Disproportionately, department 

heads, senior executives and ministerial advisers in 

Queensland and Canberra have been selected for 

their literacy in economics. 
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Yet knowledge of economics alone does not impart 
knowledge of the way to prosperity. As a healthy 

economy depends utterly upon a sustainable flow of 

resources and ecosystems services from the natural 

environment, so charting a way to prosperity relies 

upon a knowledge of how to secure this flow without 

destroying the sources of production. Basic scientific 

literacy should be one of the selection criteria for 
senior office in the Australian public services; and 

every ministerial office should recruit at least one 

scientific adviser. 

In the business sector, corporations also need to recruit 

executives who are literate in the discourse of science. 

Otherwise their decision-making can be badly misled 
— by group-thinking, by ignoring complexity that 

they don’t understand, or by ridiculing signals from 
scientists and community groups. 

The conventional explanation for ignoring warnings 

from environmentalists is that they are fringe 
dwellers, extremists out to destroy the nation’s 

prosperity. Our former Prime Minister Julia Gillard 

described the Greens party in such terms in her 

inaugural Gough Whitlam Oration in 2011. Witness 

also business leader Maurice Newman’s numerous 

public descriptions of belief in human-caused climate 

change as a religion, as if his own world view were a 
model of rational objectivity! 

It is a matter of high public importance that our 

education system produce a cadre of leaders capable 

of illuminating a pathway to a peaceful, congenial and 

sustainable future. Unless leaders possess a personal 

knowledge framework that allows space for scientific 
cautions, they can be seduced by business assurances 

that environmental considerations need not obstruct 
economic development. Public confidence with the 

competence of our democratic institutions to resolve 
environmental dilemmas will continue to erode, 

scientists who dare to enter the public arena will 
retreat in the face of apathy or hostility — and the soil, 

fisheries and forests will continue to slip silently away. 

SUMMARY 
The main reason why our leaders in business and 

government keep making decisions that undermine 

the life support systems of the planet is that the 
prevailing world view of the leadership class does not 
have room for knowledge about those systems — their 

complexity, their vulnerability to disturbance and their 
vital importance to the economy. The remedy does 
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not lie in more scientific research, as facts alone do 

not change an opinion-leader’s world view. Scientific 

knowledge about the natural environment has already 
far surpassed the capacity of our political systems to 

accommodate it. 

Two significant and urgent challenges must be 

confronted if environmental thinking is to be 

mainstreamed into the corridors of power: recruitment 

and education. 

The first is a short-term one. It is to place people who 

are sensitive to the natural sciences in positions of 
influence. I don’t underestimate the difficulty of doing 

that, as the sentinels keeping watch over the corridors 

of power are, by and large, not scientists and they 
find scientific warnings about current policy settings 

somewhat threatening and discomfiting. 

The second is a longer term one. It is to build at 

least a passing knowledge of natural sciences into 

the curriculum of those who are being trained for 
leadership. This particularly refers to curricula for law, 
commerce and economics, all rationalist disciplines 
which are conducive to the inadequate neoliberal 

interpretation of society. 

In any confident leaders, lack of awareness of issues 
beyond their world view is self-reinforcing. So 
the burden of generating momentum to change the 

systemic shortcomings in the world views of our 

governors lies upon scientists and the organisations 

that represent them. 

Geoff Edwards 

25 August 2014 

The views expressed in this address are personal and 

do not necessarily reflect the opinion of the members 

of the Society or its Council. 
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EMERITUS PROFESSOR MICHAEL BRYDEN HONOURED 

The Society was delighted to note that former President Prof Michael Bryden was awarded member- 

ship in the Order of Australia in the June 2014 Queen’s Birthday honours list. 

Dr M M Bryden gained his PhD at Sydney 
University in 1967, DScVM at Comell University 
in 1970 and DSc at Sydney University in 1984. 

He was a member of the Society from 1974 and 
was active until 1983, although he was out of the 
country in 1978. He was a Council member in 1979, 

1980 and 1981 and Vice President in 1975, 1977, 

1982 and 1983, and President in 1976, for one year 

as was the custom at that time. 

Dr Bryden was elected President at the meeting of 
29" March 1976. He gave his retiring president’s 

address at the 1977 meeting held on 28" March and 
this was published in Volume 89 of the Proceedings, 
issued in June 1978. It is entitled “Whales and 
Whaling in Queensland Waters” and gives a summary 

of the whale species recorded and likely to occur in 
Queensland waters and an overview of whaling and 
whale protection in the State at the time. 

He was a Reader in Anatomy (now Associate Professor 

equivalent) in the School of Anatomy at the University 
of Queensland from 1973 to 1987. His primary 

research interest was marine mammals. He spoke 
on this subject at meetings on 25" November 1974 — 

Notes and exhibits day — on “Two dolphin skulls from 
the Queensland coast”; and on 29" September 1975 
on Crab-eater Seals from Antarctica at a workshop he 
chaired on the biology of marine mammals. 

During 1976 he presided over a symposium “The 

Border Ranges — A land use conflict in regional 
perspective”, a three day event (25-27" June) held 

at Binna Burra in association with the Queensland 

branch of the Australia and New Zealand Association 
for the Advancement of Science (ANZAAS). This 

event led to the special edition of the same name 

and started a trend of stand-alone issues coming out 

of symposia over the next decade. These included 
Northern Moreton Bay 1979, Contemporary Cape 

York Peninsula 1980, Public Information, Your 

Right to Know 1984, The Brigalow Belt 1984 

and Focus on Stradbroke 1984. During 1977 he 
also chaired the committee that held a one day 

symposium on “The Brisbane River”. 

In correspondence, Prof Bryden has paid tribute 

to his family, “particularly for putting up with 

my sometimes long absences during field work 
in Antarctica and the Arctic, and at national and 

international meetings.” 

The Society is a not-for-profit public interest 

organisation and those occupying its official positions 

in any capacity are serving the community. Dr 

Bryden’s service was of a higher level again and the 

Society congratulates him on his recognition. 

The _ official 

appointments: 

citation contains details of his 

Member (AM) in the General Division of the Order 

of Australia Emeritus Professor Michael Maclaren 

Bryden, St Lucia Qld 4067. 

For significant service to veterinary science, and to 

education, particularly in the field of animal anatomy, 

as an academic and researcher. 

Honorary Professor, Faculty of Veterinary Science 

2002-2013; currently Honorary Professor, School of 
Biomedical Sciences, University of Queensland. 

Senior Lecturer in Veterinary Anatomy, University 
of Sydney 1970-72; Professor, Department of 

Veterinary Anatomy, University of Sydney, 1988- 

2001; served in a range of roles including Chair, 

Pro Dean, Associate Dean of Undergraduate 

Education and Associate Dean of Animal Welfare. 

Dean of Students, St Andrew’s College, University 
of Sydney, 1970-72 and 1993-94; Resident Fellow, 

1988-2001; Senior Tutor, 1988-92 and 1997-2001. 

Chairman, Sea World Research and Rescue 

Foundation, 2004-2009; Founding Member from 

1987. Member, Zoological Parks Board of New 
South Wales 1996-2000. Founding Director, 
Australian Marine Mammal Research Centre, 

1996-2001. Member, Animal Research Review 

Panel (New South Wales Government) 1989-1991. 
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Member, Biological Sciences Panel, Australian 
Research Council 1996-98. Member, Antarctic 

Science Advisory Committee 1990-96; Member, 

Antarctic Biology Program Advisory Committee 

1998-2000. Chairman, Biology Sub-committee, 

National Committee for Antarctic Research, 1978- 

82. Member, National Committee for Animal and 
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Veterinary Sciences 1988-94. Member of Council, 

Australian Federation for Welfare of Animals 

1988-95, Treasurer and Public Officer 1990-95. 

President, Royal Society of Queensland, 1976; Vice- 

President, 1975, 1977, 1982 and 1983; Council 

Member, 1979, 1980 and 1981; Member, 1974-1983. 
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OBITUARY OF DR AILCIE MEREDITH FOXTON NEE SHIEL 

25.5.1928 — 9.7.2013 

BEM, MBBS, FRACGP 

Dr Meredith Foxton who passed away on 9 July 2013 
was a life member of the Royal Society of Queensland 

and a strong supporter of the ideals associated with the 

concept of royalty. She was awarded the BEM over 

newer decorations. 

Her education was in various parts of Australia as her 

father William Shiel B.E. Mining and Civil Melbourne 
moved in his employment. His work included building 

Somerset Dam and service as General Manager and 

Director of Mount Morgan goldmine. 

Meredith graduated from the University of Queensland 
in 1952 and later gained Fellowship of the Royal 

College of General Practitioners and was an examiner 

of the College. She married Dr Alex Foxton in 1954 

and they practised in the Redlands Shire until late 
retirement. She was Cleveland’s first female doctor 
and worked part-time while raising four children. 

Meredith was an originator or a driving force behind 
the establishment of such facilities as the Opportunity 

School, Blue Nurses (both visiting and in care), 

Redlands Museum, Opera under the Stars and many 
other amenities now regarded as valued fixtures in 

the municipality. In the early days of the Redlands 
Museum, she made gifts of old family objects once 

of daily use and now preservation-worthy. As was 

her style, she encouraged other people to donate. 

Her family and practice admired her work ethic. She 
was awarded the British Empire Medal in 1987 for 
community service. 

Meredith was not a vocal advocate but in many fields 
was a supporter of the concept of monarchy and the 

Royal Constitution and its values in the benevolent 
governance of the nation. Her views were well 

expressed and cogent and in social gatherings in the 
days when this was a hot topic with more public profile, 
she could be convincing without causing annoyance. 

Such supporters give strength to the Royal Society of 

Queensland which has retained its royal connection. 

Dr Alex Foxton 
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BOOK REVIEW: 

A WOMAN OF INFLUENCE: SCIENCE, MEN & HISTORY 
by Ann Moyal 

AWA Publishing, 2014, 201 pp. 

ISBN: 9781742585970 (paperback) 

Dr Ann Moyal AM 1s a truly remarkable woman. Her 

first autobiography published in 1995, Breakfast with 

Beaverbrook, Memoirs of an Independent Woman, 

described her activities up to her mid-sixties. This 

book covers the next twenty years of her life and work. 

And what an interesting and impressive revelation 

this is. She filled a significant gap in the recording of 
the scientific history of our country and became an 

eminent relator of many valuable stories of Australian 

science and scientists. For these contributions we are 

very grateful. 

She was well qualified for the task she set herself. After 

gaining a first class honours degree in history at the 
University of Sydney, Ann travelled to London where 

she became research assistant to the distinguished 

Lord Beaverbrook, helping him write a political 

history of World War I, based on his large collection 
of original documents. This experience prepared her 

on her return to Australia to co-author the Australian 

Dictionary of Biography and later to be the compiler 
of A Guide to the Records of Australian Science for 

the Australian Academy of Science and the Australian 

National University. Listed in the currently reviewed 

book are eight of her other books on Australian 

science and technology. 

One of these books which gained special credit and 

Overseas interest was Platypus: The Extraordinary 

Story of How a Curious Creature Baffled the World. 

This book was first published in 2001, reprinted in 
paperback, reissued by the Smithsonian Institute and 

the Johns Hopkins University Press, translated into 

Italian and Chinese, and a new edition issued in 2010, 

The book being reviewed here cites new findings 
based on the U.S. Genome Project, the platypus being 
the first Australian mammal to be examined and 
“conclusively identified as the ‘basal’ evolutionary 
animal”. The platypus was not just an accident but 

“its genome revealed a clear fork in the evolutionary 

road some 166 million years ago when humans and 
other placental animals went one way and the platypus 

went another.” In other words, it was a living fossil 
survivor. But there was a new problem. Could the 

platypus survive with all the pollutions of its habitats? 

She states “We are its protector now”. 

Royal Society of Queensland members, following 

our recent Research Trust Fund launch in 

cooperation with the Central Queensland Koala 

Volunteers, will be interested in Ann’s other valuable 

coverage in A Woman of Influence. In her chapter 

on The Australian Ark is her treatment of the koala 
from a science historian’s outlook. She relates how 

her extensive research revealed, among many other 
facts, the sad acts of hunters and trappers killing 
the koalas for their fur. She relates how one million 
koalas were slaughtered in Queensland alone from 

April to September in 1917 and ‘by 1924 more 

than two million koala pelts were estimated to 

have left Australia. Only by 1927 did public protest 

halt the massacre’. She had followed her book on 
the platypus with Koala. A Historical Biography, 

published by CSIRO in 2008, and described by a 

leading British biographer Richard Holmes as ‘A 

miniature witty gem of a book’. Both these books 
dealing with the koala should be of considerable 

interest to our readers. 

But in this autobiography there are many other wide- 

ranging topics which are a delight to read about. She 
writes in a conversational style about her personal 

and professional life, of the many clever people she 

had met, of her independent attitude and its effects. 

A science historian who whenever possible based 

her reports on original documents, even if this meant 

more demanding work, has our greatest respect. As 

has lists of her extensive publications - Moyal, Ann 
- Biographical entry - Encyclopedia of Australian 

Science - available on the internet. 

John O’ Hagan 
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INAUGURAL ROYAL SOCIETY OF QUEENSLAND AWARDS, 

NORTH QUEENSLAND FESTIVAL OF LIFE SCIENCES 

The Inaugural Royal Society of Queensland Awards 

were presented during the closing ceremony of the 
11th North Queensland Festival of Life Sciences held 

in Townsville on the 4th November 2014. The Festival 

was the best attended event in its 11 year history 
with a record number of poster entries. The Awards 

were presented for the best posters in the fields of 

biomedical sciences and molecular and cell biology 

by the Dean of the College of Public Health, Medical 

and Veterinary Sciences at James Cook University, 

Professor Peter Leggat, AM, who is a member of 

the Society. Professor Leggat was asked to introduce 

the RSQ as the new award sponsor during both the 

welcome for the Festival and the closing ceremony. 

The awards comprise a $100 prize and two years’ 

membership for each of the two recipients. 

The winners of the inaugural awards were: 

¢ Martina Koeberl and her team for a poster entitled 

“Food allergen quantification — mass spectrometry 
as alternative to biologicals methods” (ref. 1) 

* Natasha Williams and her team for a poster 
entitled “The rat autoimmune valvulitis model: An 

animal model for investigating the pathogenesis 

of rheumatic heart disease” (ref. 2.) 

Both Martina and Natasha are higher degree-by- 

research students at James Cook University. Martina 
is based in Molecular and Cell Biology and Natasha 

is based in Biomedicine. The Society was able 

to display their new North Queensland banner at 
the Festival and display promotional materials at 
the main registration desk. A number of senior 
staff visiting the Festival welcomed the Society’s 
involvement. Council will consider formally 

including the awards on the Society’s calendar 
of events in the future, as a particular service to 

members in the north who cannot conveniently 

attend meetings in South East Queensland. 

References 1. Koeberl M, Clarke D, Lopata A. 

“Food allergen quantification — mass spectrometry 

as alternative to biological methods”. Poster 4. 

North Queensland Festival of Life Sciences. 

Townsville, Australia. 4 November 2014. 

2. Williams N, Rush C, Govan B, Sikder S, 

Ketheesan N. “The rat autoimmune valvulitis model: 

An animal model for investigating the pathogenesis 

of rheumatic heart disease”. Poster 12. North 

Queensland Festival of Life Sciences. Townsville, 

Australia. 4 November 2014. 

http://www.royalsocietyqld.org/events/events. htm 
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Advertisement 

AN INVITATION TO A CHALLENGE 

REVIEW ON THE ORIGIN OF MIND 

A few have tried and given up 

Be the first! 

What the book is about: otoom.net/ontheoriginofmind.htm 

Questions about the research: otoom.net/faqs.htm 

How it fared so far: otoom.net/parallels.htm 

Associated software: otoom.net > Programs 
(if interested—reviewing those not essential) 

Who am I: otoom.net/cv.htm 

Contact: Martin Wurzinger martinw@otoom.net 
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Announcement 

ROYAL SOCIETY OF QUEENSLAND RESEARCH FUND 

A new trust fund established to support 

scientific research has been granted charitable status. 

Donations to the Research Fund are now tax deductible 

(within Australian Tax Office guidelines). 

Donations and bequests are now invited from supporters 

of science who wish to make an enduring contribution to knowledge. 

Further information: www.royalsocietyqld.org.au 

or research@royalsocietyqld.org.au 
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